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ABSTRACT 

A program has been written to simulate the east-west stationkeeping of 

a synchronous satellite.     Different -ways of implementing the thrust sequence 

of rocket motors and solar sails are discussed. 
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NOMENCLATURE 

a = area of the sail 

C = velocity of light 
—> 
F = component of solar force perpendicular to the sail vector 

F = average annual force on the satellite by radiation pres- 
sure in the longitudinal direction 

F = force on the satellite in the radial direction 
r 

FQ = force on the  satellite  in the  colatitude direction 

F, = force on the satellite in the longitudinal direction 
A 

J = coefficients of the tesseral harmonics 
n, m 

J = coefficients of the zonal harmonics 
n, o 

m = mass of the satellite 

P = Legendre polynomials 

r = distance from the center of the earth to the satellite 

R = radius of the earth 
—» 
R = radius vector 

3 2 
S = solar constant    -    1. 39 x 10    watts/m 

—• 

S = sail vector 

S-T = normal to the  sail 

—* 
T = orbital tangent vector 

U = sun vector 

V = earth's potential 

a = solar absorptivity 

8 = colatitude of the satellite 

X = longitude of the  satellite 

X = longitude of the n and mth harmonic nm ° 
|J. = mass of the earth x gravitational constant 

uu = earth's  rotational rate 

I = specific impulse 

VI .1 



SYNCHRONOUS SATELLITE STATIONKEEPING SIMULATION 

I. INTRODUCTION 

The motion of a satellite 'with a period of one sidereal day is perturbed 

by the gravitational attraction of the  sun and moon, radiation pressure and 

the tangential component of the earth's gravitational geopotential.    A Syn- 

chronous Satellite Simulation program (SSS) was written to study these ef- 

fects and to determine the feasibility of maintaining a  satellite near a speci- 

fied synchronous position by automatically firing rocket motors and by solar 

sailing.     The different parts of the SSS program are described in the Appen- 

dices. 

II. UNDERLYING THEORY TO THE COMPUTER SIMULATION 

A. Forces Acting On the Satellite 

The influence of the gravitational attraction of the  sun and moon contrib- 

ute to a small diurnal oscillation in the longitude of the satellite of the order 

of 0. 5 degrees    at the most.   A typical daily longitude variation has been cal- 
2 

culated by Molitor and Kaplan   and is shown in Fig.  1.    However, the sun and 
3 

moon's gravitational attraction does cause the orbit normal to precess     so 

that the inclination changes by about 0. 85 degrees per year. 

Radiation pressure will change the eccentricity of the orbit a small 

amount for satellites -with ordinary area to mass ratios that are symmetric 

about a plane that contains the center of mass of the satellite and is perpen- 

dicular to the equatorial plane.    By making the satellite not symmetric,   it is 

possible to East-West stationkeep a synchronous satellite by radiation pres- 
4 

sure forces.    Methods for doing this are presented in a paper by Black et al   . 

B. Orbital Mechanics 

The motion of a satellite is determined primarily by the earth's gravita- 

tional potential function 

V     = \l ~    E       J (-)2P° (cos 9) 
L n=2        n, o     \ r /       n 

T.        £        J ( —   )      Pm (cos 0)  cos  (X- X )] 
—, ,        n,m    V  r   / n n,m n=Z    m = 1 \      / J 

(i: 
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Fig.   1.    Typical daily longitude variation of a 24-hour 
satellite due to solar and lunar perturbations. 



For the purposes of studying east-west stationkeeping the effect of the 

gravitational attraction of the moon,   sun and planets -was neglected.     The SSS 

program has the option of neglecting terms in the potential function greater 

than order two or three.     The inaccuracies in measuring and producing sur- 

faces with specified reflective properties produce uncertainties in the forces 

acting on the satellite which mask the above effects. 

The motion of a 24-hour satellite is best studied by using an earth fixed 
57. 

system of coordinates rotating at the earth's angular rate  uu.     '        The kinetic 

energy of the satellite expressed in this rotating system is 

T     =     ^-m [  r2 + rZ S  + r2sin2 9(A + uo)2] (2) 

Let us denote the forces on the satellite produced by rocket thrusters or radi- 

ation pressure devices as F   ,   Ffi,   F   .     Now by using Lagrange's equations and 

retaining terms to the second order,  the following equations of motion result. 

r   -  r92 - r sin2 9 ( X + UJ)
2

    =   - ^/r2 + 3P- J
20 ^ (3 cos2 9- l)/2r4 

+ 9 n J\>o R2 sin2 9 cos 2 ( \ - A~,0)/r
4 + F  /m (3) cc. L.L. r 

2 2 
3\i J20R 3fi J22 R 

9     =    g  sin 2 9 s   sin 2 9 cos 2 ( A - X-,-,) 
T   5 5 v 22 
£r r 

2 
+ 1A_+_EL sin 2 9 - 2r 9/r + Fg/mr (4) 

2 
6fi J,2 R 

\     =  i=   sin 2 (X - X__) - 2 ctn 9 6(X + uu) + F./mr sin 9       (5) 
r 

_ 2r (\ + uu) 
r 

When the force terms are set to zero F„,   F   ,   and F,  the program has been 

found to simulate the motion of Syncom II to a high degree of accuracy as 

shown in Fig.   2. The discontinuity in the curves is due to a rocket motor 

firing. 



CT 64.0 
h-  a) 
ill ^   62.0 
£l 

O  54.0 

A^' 

3-00-2751-1 

COMPUTER RESULTS = A 

I   I   I   I   I I   I   I   I   I   I   I   I  

co 
X 
< 
cr 
O 
< + 

iS 

I4.0 

I2.0 
9>o^ 

I0.0 - 

8.0 
s/o Oct* 

6.0 — o§ 

4 0 •*) I Mill 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1   1   1   1   1   1   1 
2 2 2813 9  15 21 271 1 9   15 2228 12   8   14 20 26 12  8   14 20 26 7   13 20 26311  6  1218 

AUGI SEP OCT                  N0V                  DEC JAN         1   FEB 

1963 1964 

Fig.  2.    SYNCOM  II drift, 



C.     Longitudinal Perturbation Force 

The longitudinal force per unit mass on a satellite due to the earth's geo- 

potential is given by taking the gradient of the potential 

2 

f, /m      =     - V   v/m    =    :—r-   ^-rr—    =     -.    sin 9 sin Z(X - X^n) X' X    ' mr sin 9     3A 4 v 22' 

(6) 

For an equatorial orbit 9    =   90    and 

f  /m      =     -   5. 568 x 10       sin 2  (A - X77) newt on s/kilogram (7) 
X' s 22 

The stable equilibrium points are located at the positions (X - A??)  = 90    and 

270°. 

If a  satellite were placed at these points,   the satellite would remain there 

or oscillate about them with a  small amplitude.     No stationkeeping apparatus 

would be required if the  satellite were placed at these points and the portion 

of the earth "visible" to the  satellite was satisfactory.    The  stable equilibrium 

points are located off the western coast of South America and over the Indian 

Ocean.     However,   if the satellite is used for communications between the 

United States and Europe or the United States and the Far East the satellite 

will require  stationkeeping apparatus.    The visibilities of satellites placed for 

communication between the United States and Europe and between the United 

States and the Far East are shown in Fig.   3. 

III.    STATIONKEEPING BY SOLAR SAILING 

The instantaneous radiation pressure forces,   on the  sail of a  satellite, 

which has its plane in the north-south direction are given by the following vec- 

tor equations,   assuming there is no angular dependence of the  solar absorp- 

tivity.    These equations hold for any orbit. 

Sa  ,,    ,_, ,   , &    .   riv2 
N 

Fx    =   ^ (h (2 - a) (S^ '   U)     | • 

sa | "SN •   U |  (U-   S)  sin [cos"1 (-S^ •   f)]) (8) 
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Fig.  3.    Visibilities of satellites placed at stable equilibrium points 



Fr     =    ^Cg(2 - a)  (SN • U)2 sin[cos"1(-SN-   f)] 

-fa |^- U|   |SN- T | (U- S)] (9) 

Fe     =     -f: a-   |SN-   U|Uz (10) 

where h,   s,   g,   f are +1 with the following exceptions: 

h = -1 when (F •   f) * 0 

s = -1 when (S .   f) ^ 0 

g = -1 when ( F .   R) ^ 0 

f = -1 when (S •   R) *= 0 

A.    Sail Type I 

The simplest type of sail for a satellite that has one side oriented to the 

earth and one side oriented toward the north direction, is a sail whose plane 

is coincident with the radius to the satellite from the center of the earth and 

the north-south direction.    (See Fig. 4)     This sail has a low solar absorptiv- 

ity on one side and a high solar absorptivity on the other.    The thermal emis- 

sivity of both sides is approximately the same.     Under these conditions the 

force resultant from thermal radiation from both sides of the sail cancels for 

a thin sail.     The net force along the orbit is then due only to solar radiation 

pressure.    The average annual force in the longitudinal direction is given by 

a2_ai     Sa 
F   ,     =      -=—A     —     <   cos i   > (11) 
a\ 4 c 

where <  cos i   >   is average annual effect of the sun's movement above and 

below the orbital plane of the satellite.     If one assumes that the earth's or- 

bit about the sun is circular and an equatorial orbit for the satellite <cos \> aa 

0. 96 and CL is the solar absorptivity of the sail facing in the direction of orbital 
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motion and CC.  is solar absorptivity of the opposite face.    This type of sail does 

not lend itself to being adapted to the stationkeeping methods to be discussed 

in Section IV. 

B. Sail Type  II 

The second type of sail is  similar to the first except both sides of the  sail 

have the same highly reflective  surface and can be  rotated along the earth sat- 

ellite line so that the plane of the  sail goes from the north-south to east-west 

direction.     The  sail is left in the north-south portion for half the orbit starting 

(or ending) with the sun-earth line and the east-west position for the other half 

of the orbit.     (See  Fig.   5)    The average annual force in the longitude direction 

is 

F   1      =     T± (2 " a    —)    <cos i >   - a #^_   <  Sin 2i >1 (12) 
aA L 4 c 2TTC J 

The positive  sign is used when the north-south position is taken for half the or- 

bit starting with the earth sun line and the negative  sign is used, when the north- 

south position ends with the earth sun line.     This type of sail is more compli- 

cated than the first type because it requires a rotating mechanism and sensor 

logic to determine the location of the earth sun line.    It does require less sail 

area than the first type.     It is also adaptable to the previously mentioned meth- 

ods of thrusting by rotating the  sail into or out of position with respect to the 

earth- sun line. 

C. Sail Type III 

The third type of sail has both sides highly reflective. It rotates about the 

north-south direction continuously with a period of 12 hours. (See Fig. 6) The 

average annual force in longitudinal direction is 

F.      =     —    -r + 2 (1  - a) sin 2-p  <cos i > (13) 
aA TTC      3 

where cp is the angle between the plane of the  sail and the projection of the earth 

sun line on the equatorial plane when the  satellite is crossing the projection of 

the earth sun line on the equatorial plane.      This type of sail requires the least 
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amount of sail area for stationkeeping.    If one sets cp = 45    and assumes a solar 

absorptivity of 0. 9 for one side of the Type I sail and 0. 05 for the other types 

of sails,  the relative area needed to produce the same average annual force in 

the longitudinal direction for Type I,   Type II and Type III sails is in the ratio 

of 3. 84 :   1.70  :   1  respectively.     A typical satellite with a mass of 100 Kg would 

require a Type III sail with an area of 1.47  square meters to stationkeep at the 

position of highest longitudinal force due to the earth's geopotential.    By varying 

the value of cp  it is possible to vary the longitudinal force along or against the 

orbital motion.     Therefore,   this type of sail is adaptable to any method of auto- 

matic stationkeeping. 

D.     Results of Computer Simulations 

The computer simulation of stationkeeping a synchronous satellite by solar 

sailing revealed little difference between the three types of sail considered for 

stationkeeping.    Atypical stationkeeping  simulation is shown in Fig.   7.     In this 

simulation sail Type III was used with T = -45    and a= . 1.     The area of the sail 

was  1. 35 square meters for a  100 Kg satellite.     The satellite was stationkept 

near a position at which a maximum longitudinal force occurs.   (296    E longitude) 

IV.    AUTOMATIC STATIONKEEPING 

A.     Stationkeeping by Constant Force 

Different methods of applying a tangential force to counteract the longitudi- 

nal perturbational force were  simulated by the program.     The simplest of these 

is to fire a rocket motor with the  same value of longitudinal force that is acting 

upon the  satellite.     However,   in practice the force cannot be exactly matched 

for each longitudinal position of the satellite.     The method is limited if there is 

no control over the force level,   once the satellite is placed in a longitudinal po- 

sition within the longitude regions 45    <  A. - X      <   135    and 225    <  A - X?:> < 31 5   . 

If the force level is not exactly matched for a particular longitudinal position the 

satellite will undergo an oscillation about the longitude for which it is exactly 

matched.    A simulation of an unmatched force level was done by the SSS program 

and is shown in Fig.   8.    The satellite was initially at 291    longitude and the force 

level was equal to the longitudinal force at 283. 5    longitude. 

I 1 
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B.    Automatic Stationkeeping -  Unidirectional Firing 
Q 

Automatic stationkeeping was proposed by W.   E.   Morrow   in a memo dated 

1 July 1965.    A block diagram of the logic required by the  satellite for intern- 

ally computing its position and rocket firing times is  shown in Fig.   9-     This 

description does not describe the LES-6 stationkeeping logic. 

It is the purpose of the coincidence logic to provide a pulse derived from 

fan beam sensors at a predetermined satellite position with respect to the earth 

and sun.     The  satellite may be assumed spinning so that the output from the 

sensors are in the form of pulses or for non-spinning satellite the output from 

the  sensors may be chopped to produce the pulses.     This coincidence pulse per- 

mits comparison between a running clock and a fixed clock in the decision logic. 

Almost any position in the orbit can be used for establishing the  satellite's po- 

sition where the optical sensors can view an illuminated portion of the earth. 

For definiteness let us pick the 6 a.m.   position shown in Fig.   10. 

The decision logic determines whether the satellite is early or late in ar- 

riving at the "6 a.m. position" each day. The device compares the coincidence 

signal with the output signal from the clock logic. 

If the signal from the coincidence logic occurs in position A of Fig.   11, the 

satellite is early for the three days shown and no signal is  sent to the thrust 

logic.    If a  signal from the coincidence logic falls in position B then a  signal is 

sent to the thrust logic. 

The thrust logic's purpose is to fire the rocket motor in the direction of 

the orbit tangent for a specified length of time near the 6 a.m.  position.     This 

is repeated daily until the  satellite is  "on station".     The thrusting is then 

stopped until another signal is received. 

The clock must have an accuracy of 5 in 10     /day for  5 years and put out 

a signal (alarm) at 10 hr  12 min GMT each day.     This signal is sent to the de- 

cision logic for further processing. 

The purpose of the clock logic is to apply a daily correction to the clock 

to allow for the fact that the sun is ahead of or behind the clock according to 

14 
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the time of year.     The correction that must be added to the time is shown in 

Fig.   12.    The curve shown in Fig.  12 has to be approximated by a function that 

is easy to program into the satellite logic.     The errors associated with the 

degree of exactness to which the clock logic will correct for the difference be- 

tween apparent solar and solar mean time were accounted for from tables fur- 

nished by A.   Braga-Illa for LES-6. 

As an example of how the correction is applied,   let us consider the cor- 

rection at  1 5 January  1967.     To do an exact calculation of the time to be added 

we would have to go through an iterative process.    However,  for our purposes 

the correction may be taken as the correction that occurs on January  1 5. 0 which 

is 9. 0 min.     Therefore,   the clock logic is to put out a  signal to the decision 

logic which starts at  10 hr 21 min GMT and lasts for one hour.    When the sun 

is ahead of the clock the correction has to be  subtracted from 24 hours and the 

result added to the time of the previous days output. 

The method is a little cumbersome in logic design.     A better way to do it 

would be to shift 0 time base line so that all corrections become additions. 

It is possible to do without the clock logic by using an optical sensor that 

senses the declination of the  sun and relative position of the earth satellite line 

at the same time to correct for the actual longitudinal motion of the sun rela- 

tive to the  "mean" sun in the celestial sphere.     The sensor can be visualized 

as having a cluster of pencil beams arranged in the familiar analemma found 
9 

on some globes.      A sensor of this type is being constructed by C.   Burrowes 

for use in LES-6. 

C.     Effects of Sensor and Clock Errors 

There are errors associated with the measurement of longitude due to the 

beamwidth of the  sensors and the degree of exactness to which the clock logic 

will correct for the difference between apparent solar and solar mean time. 

There are also errors induced because the LES-6 satellite spin axis is not 

aligned perfectly in the north-south direction.     The source of error has been 

investigated by B.   J.   Moriarty. The shape of the probability density func- 

tion of the sum of the errors is not known.    Therefore,   a uniform probability 

17 
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function -with a width of one degree of longitude was assumed for use in the SSS 

program.      The errors associated with the analemma sensor for LES-6 were 

separately accounted for from tables furnished by C.   Burrowes. 

The influence that the errors have on the motion of the satellite is shown 

in Figs.   13 and 14.    Fig.   13 is the result of an SSS computer simulation of an 

automatic stationkeeping system using unidirectional firing with no errors pres- 

ent in determining longitude.    Fig.   14 is the result of a simulation under the 

same conditions as the  simulation of Fig.   13 except the clock logic errors and 

sensor errors are introduced.     The errors do not significantly affect the range 

of longitudes over which the  satellite may be stationkept.     The errors in longi- 

tude  sensing were less than 0. 7 degrees due to clock errors and less than 0. 5 

degrees due to random  sensor errors. 

D.     Automatic Stationkeeping Unidirectional Firing With Force Cut-Down 

The best method of automatic stationkeeping so far proposed is that pro- 

posed by Roger Brockett.       This method uses the least amount of fuel and sta- 

tionkeeps within the smallest range of longitude.     As an example of how this 

method operates,   let us assume the satellite is initially located at a longitude 

such that the earth's gravitational component along the orbit will cause the lon- 

gitude of the satellite to decrease in time.     The longitude of the satellite is al- 

lowed to decrease until it goes past a selected longitude,   A   .    At this point the 

rocket motors are fired for a specified length of time such that the impulse given 

per day is approximately five times the  "impulse" given to the satellite by the 

earth's geopotential.    This is the same as the method previously described. 

However,  the longitude is sampled once per day and its value is stored in a 

memory bank in the satellite.    If the longitude measured on a given day is 

greater than that measured the day before,  the rocket impulse given per day 

is reduced until the satellite again passes the selected longitude,   X   , at which 

time the thrusting is stopped.     The amount that the impulse may be reduced is 

a variable that may be put in the input to the SSS program.    A typical example 

of this stationkeeping method is  shown in Fig.   15. 

19 
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E.    Automatic Stationkeeping Bidirectional Thrusting 

It is possible to stationkeep with a system which thrusts in one direction 

when the satellite exceeds a given longitude and in the other direction when 

the satellite is less than another given longitude.    In other -words,   whenever 

the satellite has drifted out of a given band of longitude, thrusting is done to 

return the satellite to the band.     This method of stationkeeping is not recom- 

mended for use with thrust systems that consume fuel at a low specific im- 

pulse because a lot more fuel is needed than with the methods previously men- 

tioned.     However,   it is adaptable to  solar sailing techniques where no fuel is 

used.     A simulation of the bidirectional technique is  shown in Fig.    16.     This 

simulation was run under the same conditions as the unidirectional firing si- 

mulation of Fig.   13.     The fuel consumption for   stationkeeping a  132 Kg satel- 

lite for  1000 davs was   3. 85 Kg for a rocket system which has an I =70 
sp 

for bidirectional thrusting.     Under the same conditions only 0. 86 Kg are needed 

for unidirectional thrusting. 

Another method of bidirectional thrusting has been proposed by A.   Braga- 

Illa.     The logic of this method is explained in Appendix E describing subrou- 

tine Newfor of the SSS program.    It is well suited for solar sailing techniques. 

A simulation of this method is shown in Fig.    17. 
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APPENDIX A 

MAIN PROGRAM OF (SSS) 

The main routine of the SSS program issues calls to the subroutines, 

solves the equations of motion,   and produces the output of the program 

(Fig.   A-1 and Appendix J).     The initial section of comment cards gives a 

brief description of the program,   its control variables and how to run it. 

The first executable statements are definitions of constants.    The Main pro- 

gram calls GETINP to obtain the input data and control variables.    After a 

sequence of housekeeping details -- moving variables to and from commons, 

changing variable types,   and changing variables in degrees to radians -- the 

values necessary for the first entry into NEWFOR,   FLAM,   and CIND are 

initialized.     These variables are initialized after the call to GETINP so that 

they are reinitialized at the beginning of subsequent sets of input data.     The 

control variable II determines if the branch using second harmonics in the 

equations of motion or the branch using third harmonics is taken.    In either 

case calls are issued to SSL and FLAM.    SSL initializes CIND for solution 

of differential equations; FLAM returns the force in the A direction.    Certain 

logical paths determined by the input data return other variables to Main 

through COMMON (see Appendix D).    After the call to FLAM,   D2R, D2XLAM 

and D2THET are calculated.    Both branches meet at statement 23, where 

three checks are made.    First,  is this time through the end of a day?    Sec- 

ond,   is this time through the end of ten days?    Third,   is this time through 

the end of amount of time asked for?    If answer to all three questions are no, 

then it is end of one of the 86, 400 times per day that the variables D2R, 

D2XLAM,   and D2THET are calculated.    At statement 6 the calls to FINDV, 

and DPNV provide T,   R,   THETA, XLAM,   DR,   DTHETA,  and DXLAM for 

the following loop.    Again a branch is taken based on II.    If it is the end of 

a day,  the following are printed out. 

TDAYS days since beginning of this set of input data 

R radius of orbit 

DR change in radius in last loop of the day 

TDEG THETA in degrees 
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DTDEG change in THETA in last loop of the day 

XLDEG XLAM in degrees 

DXLDEG change in XLAM in last loop of the day 

XELONG east longitude in degrees 

After this printout a branch is made to question three. If the answer to ques- 

tion two is yes also, there precedes this printout a line of print containing the 

following averaged over previous  10 days. 

A radius 

E eccentricity of the orbit 

XI inclination 

XIM1D minimum inclination 

XLMAD maximum inclination 

DIFFER XLMAD - XLMID 

Every ten days there is also punched a card containing TDAY,   A,  and XLAM, 

to be used by a plotting program.    After this there is a branch to question 3. 

If the answer to question 3 is yes,   and the amount of output for one set of data 

is finished,  the program branches to 7, CALL GETINP.    The last set of data 

contains NUM = -1,   which causes program to terminate normally.     Each set 

of data,   except the last,  takes  1  l/2 - 2  l/2 hours of computer time. 
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APPENDIX B 

The subroutine GETINP establishes the logical variables, all the input, 

and the modes of output.    There are eight classes of integers that are used in 

conjunction with the logical variables:    II,   12,   13,   14,   15,   16,   17,   18.   All the 

parameters are initialized in GETINP and then those that are to be changed 

are read in through a namelist setups.    Using the logical parameters and the 

numerical parameters,  the subroutine SETUP and its entry point RITOUT 

prepare the variable format for PRINT and/or PUNCH so that at the begin- 

ning of each output one may quickly review the particular set of parameters 

used.     Control is then returned to the main program which then prints the 

titles for the output, prints and/or punches the orbital information every ten 

days. 

II determines -whether the calculations in the main program use second 

order harmonics or third order harmonics.     II is set to  1 which selects the 

second order harmonics.     If third is true,   12 then equals 2 and the third order 

harmonics are used.     12 controls the punched output.     12 is initially 1 -which 

produces punched output.    When no punched output is desired,   12  should read 

in as 2.     The punched output is used by a separate program  Z-PLOT   which 

produces one frame of alphanumeric data and a second frame with 2 graphs 

longitude vs.   days and semi-major axis vs.   days.    13 controls the solar time 

correction and primitive uses of a solar sail.     13 is initialized as  1,   no cor- 

rection.     If 13 equals 2 or linear is true,   there is a linear solar time correc- 

tion.     If 13 equals 3 or LINRAN is true,   there is a linear solar time correc- 

tion with random error.    If 13 equals 4 or perfect is true,   the  solar time is 

corrected perfectly.    If 13 equals  5 or STEP is true, the solar time is corrected 

by a step-function.     When 13 equals 6 or STPRAN is true,   the step function 

correction is modified by calling the random error function.     If 13 equals 7 or 

EPH is true,   the solar time correction is done by an ephemeris sun sensor. 

When 13 equals 8 or EPHRAN is true,  the ephemeris sun sensor correction is 

adjusted using the random error function.     The remaining 13 values pertain to 
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the solar sail.     When 13 equals 9 or SAIL1 is true,   a fixed sail is used with a 

constant force along lambda.     If 13 equals  10 or SAIL3 is true,   a fixed sail 

scheme 3 is used.    14 determines -which XJ22 and XLAM22 are to be used. 

The program is set up to use 14 equal to 2 which sets XJ22 at -1.700E-6 and 

XLAM at -19 degrees.    There are no logical variables that go with 14.    15 es- 

tablishes the force cutdown.     Initially 15 equals  1,   no force cutdown.    When 15 

equals 2,  there is a force cutdown equal to the input number CUT.    To obtain 

15 equals 2,   it can be read in directly or CUTDOWN can be read in as true. 

16 and 18 are the more sophisticated uses of the solar sail.     16 equal to 1 or 

SAIL2 equal to true fixes the sail and allows one to also make a sun correc- 

tion.     16 is initialized as 0.     16 equal to 2 or TACSAL. is true the double pre- 

cision function FLAM calls TACK and the tacked sail scheme is used.     18 

flips the sail according to three schemes:    18 equal 1 or FLIPW equal to true 

fixes the sail through half the orbit and flips it off -with the orbit;   18 equals 2 

or FLIPAG true fixes the sail through half the orbit and flips if off against the 

orbit;   18 equals 3 or SAIL4 true flips the sail due to logic within the satellite. 

17 determines if the orbit elements are averaged at the end of every ten days 

before they are punched.     Initially 17 equals 2 and AVERAG is false,   which 

loops the main program around the averaging sequence.     When 17 equals  1 or 

AVERAG is true,   the main program averages every ten days and punches the 

averaged figures. 

The basic units for the parameters are kilometers,   seconds,   degrees. 

They are initialized as follows: 

A 42165. 5D0 

Al 0. 9D0 

A2 0. 1D0 

ALONGR= 0. 0 

CONST    = -4. 45D-8 

radius of earth in kilometers 

solar absorptivity for solar sail 

solar abosrptivity for solar sail 

force along the radius  to the satellite 

kilonewtons/kilogram 

=    1.6* (factor = 5. 6)/36 5. 2 5/(86. 4 * 6) 

sign is negative in second and fourth 
coordinates 
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CUT = 0. 0 

DATE = 0. 0 

E = 0.0 

FORCCT = 0.0 

FORLAM = 1.0 

IRUN = 0 

ITHDAY = 10 

NUM = 6 

OFFSET = -90. 0D0 

OL = 0. 0D0 

TEND = 1800. 0D0 

XDISP = 70. 0D0 

XI = 0. 0D0 

XL AMD = 300. 0D0 

XLIMD = 297. 0D0 

XLIMXD = 350. 0D0 

XMASS _ 132. 0D0 

force along theta 

force along lambda 

a counter so one can keep track of the 
various computer runs 

frequency in days of print and/or punch 
execution 

number of impulses given (used in FLAM) 

angle by which sail can be offset in the 
TACK scheme 

argument of perigee for first orbit,   in 
degrees 

number of solar days program is to run 
for 

specific impulse of thruster in seconds 

inclination of the orbit in degrees 

degrees of longitude measure east of 
Greenwich 

minimum angle for thrusting,   simple 
scheme 

maximum angle for thrusting,   simple 
scheme 

mass of satellite in kilograms 

In addition there is a logical parameter,   NEWFR,   that has no numerical equi- 

valent.    NEWFR is initially FALSE.     When NEWFR is true,  the SUBROUTINE 

NEWFOR is called by FLAM and the magnitude of the impulse if modified ac- 

cordingly. 

To change any of the parameters or logical variables the NAMELIST/ 

SETUPS/ is used   & SETUPS is on the first card beginning of column 2.     The 

variables desired changes are then punched separated by commas.    To set a 

logical variable to TRUE just use T for example:    NEWFR   =   T would be 
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sufficient to set NEWFR true.    Do not punch in column 73 or beyond.     When 

using a second card begin in column 3.    Do not follow the last variable with a 

comma; instead leave one or more spaces and punch   &END.   The set of cards 

with the SETUPS changes is then placed behind the //FT0 5F001 control card. 

The parameters are printed and/or punched according to a variable FOR- 

MAT routine,   RITOUT.     RITOUT is an ENTRY point in SETOUT.     The first 

call to SETOUT establishes whether or not to punch when RITOUT is called. 

RITOUT is called for each I variable.    To add an I variable to the program, 

IY,   where Y is an integer greater than 8,   eight additions to GETINP are nec- 

essary.     First a comment card to describe the IY variable and the X uses to 

which IYcan be put.    Secondly,   it must be initialized.     The remaining additions 

are to setup the call to RITOUT.     There are X + 1 dimension statements as 

follows:     Dimension VFIY(16, 6) and X statement like dimension XVFIYX(16). 

For each X there is also an EQUIVALENCE statement such as:   EQUIVALENCE 

(XVFIXY(l),   VFIX(1, Y).     For each value IX can assume there must be a data 

statement in Hollorith form containing the alphanumeric data you desired 

printed and/or punched to describe the alternative used.     You need to add IX 

to the  101 format statement,   and one call to RITOUT,   for example:    Call RIT- 

OUT (VFIY(l.X)). 

GETINP thus establishes the particular parameters and logical choices 

for one computer run, -which takes approximately two hours on the IBM/360 

with TEND = 1800. 
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5-4.5-SS07 

PUNCH   ALPHAMERIC 
DATA   TO   APPEAR    ON    PLOT 

PUNCH    NEW    FORC! 

PUNCH     OLD     FORCE 

<o  ^^_ ^\ >o 

1 1 \ ' 
1 WRITE 

PUNCH   IP   TRUE 
WRITE    CUT 

PUNCH    IF    TRUE 

A ' ' 
CALL   eiTOUT 

A 

1 ' 
EETU R.M 
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3-ii- ssoa 

SUBROUTINE      SETOUT     (PU NCH)       j 

LOGICAL   PUNCH,   CAKDS 
CARDS   -   PUNCH 
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APPENDIX C 

INTEGRATION FUNCTION AND SUBROUTINE 

The double precision function CIND(K, A, B) and its related functions 

FINDV,   DPNV,  and SUBROUTINE SSL find the first and second derivatives 

and calculate new values for R,   THETA,  XLAM,   DR,   DTHETA, DXLAM, 

and T for each cycle through the main program.     The call to SSL sets up the 

constants for SSL.     FIND calls CIND with K = 0 which routes the control to 

the proper place to find a new T.     For the other variables DPNV" is used. 

In the computer GO TO statements only the first two solutions are used by 

this program.     The sequence of four subprograms was written in another 

language outside Lincoln,   so there are more choices than this program 

uses. 

The integration formula used is the Adams four-point formula: 

y xi   = y   +TT (55y' - 59y'  , + 37y •     - 9y' ,) (C-i) 'n+1 7n      Z4 ' n 7n-1 'n-2 'n-3 

•where h = x     .   - x    is the constant incremental change of the independent vari- 

able x,   y being a function of x. 

Starting formulas are needed to obtain the first three points.     The follow- 

ing set of formulas is used to obtain y  ,  y?,   and y  • 

y[1]    =   y0 + hy0' (C-2) 

y[z)  = y0
+t<y(i1), + V> <c-3> 

y<3>     =   yo+^(2y(2). +y(1). + 3y0') (C-4) 

yH)      .yp)+|(^.V, 
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y<»     .    y<2>+A   (Z3y<2> • -  16y<3'. + SyJ) (C-7) 

r?>    •   yf+i  <9r^ + 19r?>-- S,<3>-• ,„•) (C-8) 

where the superscripts indicate the order of the approximation.     The past val- 

ues of the derivatives are stored in reserved blocks.     For a more complete 

discussion of the starting equations,   the reader is invited to contact the author. 

In particular,   a substitution of equations  (1) and (2) and similar expressions 

for their derivatives into equation (3) will show that equation (3)  reduces to the 

first four terms of the Taylor series. 

The truncation error of formula I is      •-,-.- h    y    (s),   where x    <   s    •'   x   , ,. 
72 U n n+1 

The accumulation of the increments  (Ay)     = TT-T CS5y   ' -   59y'    , + 37y'    ., 
n       d4        'n n- 1 n-2 

- 9v'    ->) is performed in double precision to substantially reduce the  round-off 1 n- 3 
error. 

Complete underflow-overflow testing is made.    An underflow is corrected 

and a zero stored. 
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DOUBLE 
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RETURN 
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APPENDIX D 

DOUBLE PRECISION FUNCTION FLAM (XLAM) 

The double precision function FLAM(XLAM) computes a force,   FLAM, 

simulating the force of the thruster or solar sail depending on the logic -with 

which the program is run.     FLAM is returned to the main program.    The 

force is applied NUM times an orbit,   controlled by the gate K.     When K is 

positive the gate is closed returning both force and FLAM as 0.    When K is 

negative control passes to label 8.     The various routes for the logic depend 

on the force scheme used for the particular run in question.    The variable 

15 controls the cutdown;   -when  15 is   1 there is no cutdown.    When 1 5 is 2, the 

force is cut by the factor CUT,   as long as LLL is also positive.     LLL is the 

control variable whose sign is determined by the satellites position within a 

specified band,   delineated by XLIM and XLIMX.     LLL is negative -when 

XLAM is inside the band and positive when XLAM is outside the band.     13, 

for values   1-8,   controls the type of clock error returned by CORR(TEL). 

From this an XTEMP is calculated.    XLAM is the actual position of the sat- 

ellite;    XTEMP is where the satellite's logic thinks it is.    The old force cal- 

culations use LLL,   whereas the new force calculations use the subroutine 

NEWFOR.    As long as the counter M is less than NUM,   control returns to 

the main program with FLAM = FORCE.    Once an orbit the fuel consumption, 

the total number of impulses,   JFK,   CORR the corrected longitude in degrees 

are printed out.     The fuel consumption is kept as a running sum.    After the 

fuel report is printed,   on the last loop during which there is thrusting,   K is 

set positive and the other counters are initialized for the next orbit. 

For the various schemes of solar sailing,   there are deviations from the 

above possibilities.     When K is positive and the sail is flipped off,   FORCE = 

CONST and CHAN is called.     When a simple sail is used FLAM = CONST and 

return.     For this sail there is a constant force along A.     When a fixed sail is 

used,   13 = 10,   FLAM = CONST and TACK or CHAN is called depending on 16. 
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Tack calculates the forces in other directions as in addition to the force 

along X the FLAM returns.    Control returns to the Main program. 

When K is negative (or zero) the force FLAM is calculated including the 

CUTDOWN or not.     The first time through CON = CONST,   XLAM is corre-. 

lated by CORR(TEL).    It is then determined if the modified XLAM lies within 

the band,   if so FLAM = 0 and control is returned to the main program.    If the 

true longitude is outside the desired stationkeeping range control passes to 

statement  1 or  11 within FLAM.    If the satellite is too far east, FORCE   = 

- CON,   the dial can be flipped with the orbit if that scheme is used,   or the 

sail can be offset -90    if that scheme is used.    If the satellite is too far 

west,   FORCE = CON,  the sail can be flipped against the orbit,   OFFSET can 

be 0   .    In either case control passes to the same point 4,   where K will re- 

turn control for the rest of the orbit as long as the impulses are being given. 

At statement 4 M dutifully counts the impulses.    CHAN or TACK or 

neither is called according to  16.     If M exceeds NUM,  the fuel consumption 

report is issued.    On all the sail schemes the fuel is set to zero.    And the 

counters are reset for the next orbit as in the non-sailing schemes. 

The double precision function FLAM(XLAM) returns to the main program 

NUM times an orbit the force along X necessary to stationkeep within a spe- 

cified range according to various force schemes using thrusters and solar 

sails. 
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APPENDIX E 

SUBROUTINE NEWFOR 

Subroutine NEWFOR is an alternative method of calculating the force nec- 

essary to keep a  satellite in a  synchronous orbit using the bilateral thrusting 

method proposed by A.   Braga-Illa. 

A.     Theory 

Figure   18 shows a  sample of longitude vs.   time,   and the regions ± A,  ±B, 

± C.     The value of the force,   con,   at any point will be determined by which re- 

gion we are in at that point and where we were before. 

I In region C and -C,   con  = C ^ and -C, resp. 

In region B and -B,   con  = C? and -C-,  resp. 

For regions A and -A there is a complicated scheme for determining 

the value: 

II If we get into region +A via +B or -A via -B,   then con  = O. 

If +A via -A,   con = C,  or -C.   resp. 

III As  soon as we get the  sequence (A-A+A) or (-A+A-A) we start 

damping the force basically as follows.    Assume we get the sequence +A-A+A 

and then the curve never leaves the +A,   -A region. 

Region: A B +A -A +A -A +A -A +A -A +A -A 

Force: Cl C2 
0 

"Cl 

Cl 
2 

"Cl 
2 

"Cl 
4 

"Cl 
4 

Cl 
8 

"Cl 
8 

Cl 
16 

"Cl 
16 

Region: +A -A +A -A +A -A 

Force: 
Cl 
32 

"Cl 
32 0 "Cl 

32 0 "Cl 
32 

where A   is the region where we start damping.    After (*) we do not damp but 

keep ± C,/32, 0 as long as we stay in +A-A and do not stray into B. 
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Fig.   18.    Longitude vs time. 
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The most practical way to show the deviations from the basic scheme is 

via figure 19-  Note the following: 

(1) When we get into region C (see arrow 1) we start over in the sense 

that no damping occurs until we get the ±ATA±A sequence again (see arrow 2). 

(2) When damping has started and we go into region ±B, and then back 

into ±A we keep the damped value that we had before going into region ±B, with 

the appropriate sign (see arrows 3,4). 

(3) When we reach the maximum damping stage (±0-/32,0) and then 

go into region ±B, upon re-entry into ±A the force = 0 by part II and if we then 

go into TA from there,   force = C./32 -with the appropriate sign (see arrows 5, 6). 

B.    Data Cards 

To specify that subroutine NEWFOR is to be used to calculate the force we 

must specify four quantities on the data cards: 

NEWFR     =     T,   Cj     = ,    C2    = ,    C3   = 

•where C?,   C_ are the values assigned to the force in regions  B and C respect- 

ively and C,  is the non-zero undamped value of the force in region A. 
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TIME: *• 

Fig.   19.    Example of possible use of force scheme of A. Braga-Illa. 
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c 
SUBEOUTIKJB      NEWFOK    FLOW    CHART 

_J  
SUBROUTINE      NEWFOR    (XLIMD,   KTEMP,   COKl) 

REAL    »   8 
DIMENSION 
COMMON 

E L 
MAM 

CHAN&E     XTEMF 
TO   DECREES 

I NEW   « I « 3 

Jl = INEW 
CONN » R«C3 

K - < 
COUNT (K.)- CONN 

J2 - O 
J5- O 

JANE - O 
CAVE - O 
LAD - O 

tOO ' I 600 

I  NEW   "1*1 

' ' too • too' ' 
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JANE   -   I 
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CAVE   » CONN 

CONN   -  e « C 1/32 

If 
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3-fc5-©4-*0 

205     zoo    too 

K - K. 1-1 
J3 - J2 
J2 • J I 
J 1   «   INEW 

COUNT   (K.)   =   CONKJ 

too , too 

CON    -    COWM 

(    RETURN     J 
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APPENDIX F 

DOUBLE PRECISION FUNCTION CORR (TEL) returns to FLAM an angle 

by which the longitude XLAM is thereby modified.    In FLAM: X = CORR(TEL), 

XTEMP = XLAM - X.     The program calculates the apparent right ascension 

of the sun and the time of ephemeris transit,   good for the year 1967, and accu- 

rate to about four seconds of arc of the right ascension and about 1. 5 seconds 

on the ephemeris transit.    There are eight options in this program determined 

by the  13 variable.     Two of the options call the SUBROUTINE CURT,  and two 

of the options call the SUBROUTINE ALVISE.     When 13 = 4,  the logic in FLAM 

bypasses the call to CORR. 

If 13 is 7 or 8, immediately after converting TEL from seconds of days, 

the program branches to 110. Day is modulated by 365, and CURT is called 

to determine VALUE. If 13 = 8, VALUE is changed to radians and a random 

error is added on. If 13 = 7, CORR is simply VALUE in radians and control 

is returned to FLAM. CURT picks up an ephemeris sun sensor value from 

the step function tables stored in the BLOCK DATA/SPETS/. These tables 

simulate the logic in an electronic sun sensor within the satellite. 

For the other options,  the program calculates the mean anomaly,   sun's 

coordinates,   referenced to a geocentric coordinate system,   right ascension 

of the sun,   right ascension of the mean sun,  and DIFF the difference between 

the right ascension of the sun and the right ascension of the mean sun added 

to 6.28 when  | DIFF | is less than 3.     Now the program branches according to 

13 to calculate VALUE.     In each case after VALUE is calculated, control goes 

to statement 31 where CORR   =   DIFF - VALUE. 

If 13 is 5 or 6, VALUE is returned from a call to SUBROUTINE ALVISE. 

When 13 = 6 DIFF has a random error added in. ALVISE as a subroutine op- 

erates identical to CURT, looking up a value in a BLOCK DATA. When con- 

trol is returned to CORR,   CORR branches to 31. 

If 13 = 1,   CORR = DIFF and control is returned to FLAM.     When 13 = 2, 

DAY is modulated by 365.    The formula for VALUE is determined by which 

part of the year DAY falls. 
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Day Value 

0-45 100 VALUE =    . 08D0 * (DAY + 2. 2 5D0) * XX 

46-129 102 VALUE = -. 0584D0 * (DAY - 11 1. DO) * XX 

130-211 104 VALUE =   . 033D0 *   (DAY - 1 62. DO) * XX 

212-310 106 VALUE = -0. 0584D0 * (DAY - 240. DO) * XX 

310 -  360 107 VALUE =   . 08D0 * (DAY -  363. DO) * XX 

After each calculation of VALUE control branches to 31.     When 13 is  3, DIFF 

is modified using the random error function,  then logic follows the same for 

13 = 2.     There is a loop for 13 = 4,   although CORR is not called when 13 - 4, 

to avoid an error message from the compiler. 
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FUMCTI Ot-~l      COR.H      FLOW    CMAKT 

IMPLICIT 
COMMONS 

3-S.3- B*S& -S4 

CALCULATE 
COORDINATES 

OF   SUM 

FIND   ANGLE 
BETWEEN    Y  AND   X 
COORDINATES    RA 

COOR   I 
Dl F 

ISA    =•   RA * 
i. 185I655IDO 

•URN      J 

CALCULAT 
RAM 

DA V    = 
DMOD  (DAY,   36.S) 

CALL    COR.T 

•*< e 

I NCtEMEWT 
RAM 

•i.  2831 &55I 

MODULATE 
RAM 

VALUE      - 
i- EAMDOM   ER.K.OK 

VALUE    TO 
DECREES  tOO 

EAMDOM   ER.EOR. 

INCREMENT 
DIFF 

4. 28318551 

ao TO 20 
WU EM 
13 » 1, A 
GO 1 0 2.1 
IS '  2., 5 
GO TO 2Z 
ID - i, & 

DIFF » 
DIFF   + 

BAN   ((01 - 5 ) 
* x X 

DAY    - 
DMOD  (DAY,   3&S ) 
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5C5-B4SS 

COMPUTE   VALUE 
GO   TO    3 1 

COMPUTE   VALUE 
GO   TO    3 4 

COMPUTE   VALUE 
GO   TO    5 4 

CALL     ALV1SE 

CORK   » 
DIFF   - VALUE 

fURKI     J 
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5-43-6157 

CALL i I5-EQS f ^ 
CueT              _*,   CORK   -VALVE      +     «N     _^    RETURw) 

CDAV, VALUE)   | CORR   J ^ALUE V 7 

CALL                                          CORR   = ^ f 
ALVI SE           ^—W    D   I F F  - VALUE.     "~"H 

(DAY,  VALUE)   I  | V 
GLETTUKM 
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APPENDIX G 

The SUBROUTINE TACK (XLAM) and its ENTRY CHAN (XLAM) return 

to MAIN via FLAM three forces,   FORCCT,   FORLAM,   and ALONGR ,   which 

are used to calculate D2THET,   D2XLAM,   and D2R respectively.    The  ENTRY 

CHAN(XLAM) fixes the sail along the radius to the satellite from the earth. 

According to the  18 variables,  the sail remains upright on the radius or is 

flipped throughout part of the orbit.     FORCCT is the  solar force exerted by 

the sail in the direction of theta.     FORLAM is the solar force exerted by the 

sail in the   X  direction.    ALONGR is the solar radiation force exerted along 

the radius.     L.   Black has pointed out that the most efficient sail •would be one 

of high thermal emissivity on both sides with a high solar absorptivity on one 

side and a high solar reflectivity on the other.       A sail made out of alumi- 

nized microsheet stuck on an aluminum sheet painted black on the back side 

would be a good approximation to this.     The average force along the orbit for 

a sail whose plane is coincident -with the orbit radius vector and the north- 

south direction is given approximately by 

F     =    AS 
* 2C 

where 
A      =       is the area of the sail 

S       =       solar constant 

C      =       velocity of light 

The sail placed on angle bisector of angle formed by sun and orbital tangent 

in direction of the motion is the most efficient sail;   the program allows also 

an offset from this position,   OFFSET. 

When the solar rays hit the sail they generate two forces -which must be 

resolved into the three components needed. The two forces are one a force 

perpendicular to the sail itself and opposite to the side of the sail hit by the 

solar radiation;  the second is a force along the sail due to its various 
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absorptivity properties.     Both sides of the sail are reflective when the sail is 

"tacked" and when it is flipped.     When ENTRY CHAN(XLAM) is used, the sail 

is fixed on the radius from the earth to the satellite, and one side is highly re- 

flective while the other side is highly absorptive.    The three components of the 

generated forces are the force along the orbit, FORLAM;   the force along the 

radius vector of the satellite, ALONGR,   and the force along A,   FORLAM. 

In this  subroutine all the vectors are unit vectors and lie in the orbital 

plane of the satellite.    The coordinate system is geocentric, with the X-axis 

lying along Aries.    XNORMA,   YNORMA are the coordinates of the normal to 

the sail itself.     The coordinates of the sun are calculated as in Moulton   pp 171, 

and then the    vector is projected into the orbital plane with coordinates 

XPROJ,   YPROJ.    XFORCE,   YFORC E are the coordinates of the orbital tan- 

gent.    XSAIL,   YSAIL are the coordinates of the normal to the sail.    XRESAL, 

YRESAL are the coordinates of the  sail itself.     The angle bet-ween the  sail and 

the radius is ANCHOR.     DOTPRO is the cosine of the angle between the normal 

to the sail and the projection of the sun.    The absolute value of the cosines is 

used to simplify the logic in determining quadrants.     ROCK is the absolute value 

of the cosine of the angle between the sail and the radius.     TRAP is the absolute 

value of the cosine of the angle between the  sun and the normal to the sail.   When 

DOTPRO is less than zero the sail is receiving the solar force on its absorptive 

side.     POT is the force exerted perpendicular to the  sail due to the solar radia- 

tion pressure.    POT    =   (2 - A) * DOTPRO ** 2.    ALOSAL is the force along the 

sail due to a non-perfect sail. 

ALOSAL    =   -A * TRAP * (XSUN * SRESAL + YSUN * YRESAL) 

There is a logical sequence to test whether the sail is  "ON" with the flipped 

sail logic.     If it is on one continues,   if not the program branches to 40, where a 

sequence of equations  set up the small forces when the  sail is turned "OFF". 

Four variables are used to set up the signs of the forces according to the quad- 

rant the sail,   sun,   and orbital tangent are in.     They are COD,   FISH, HERRING, 

and SALT.     They are initially Hand are made -1 when necessary.    The solar 
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force is exerted opposite to the normal to the sail when the angle bet-ween the 

sun's projection and the sail is between zero and  180;   the solar force is ex- 

erted along the normal to the sail when the angle between the sun's projection 

and the sail is between 180 and 360.    The coordinates of the  solar force are 

XSORAF,   YSORAF.    HERRING is negative when the angle between the solar 

force and the orbital tangent is greater than 180.    SALT is negative when the 

angle between the sail and the orbital tangent is greater than 180.     COD is 

negative when the angle between the solar force and the radius is greater than 

180.     FISH is negative when the angle between the radius and the sail is greater 

than 180.    The three components of the  solar radiation force acting on the sat- 

ellite are: 

FORLAM = HERRING * POT * ROCK + SALT * ALOSAL * BOAT 

ALONGR = COD * POT * BOAT + FISH * ALOSAL * ROCK 

FORCCT = -AB1 * TRAP * ZSUN 

See 
Fig- 
ure 
20 

When the sail is flipped to its  "OFF" position there are slight forces acting 

upon the satellite.     DOTPRlis the cosine of the angle between the  sun (not its 

projection) and the sail.    DOTPR2 is the absolute value of ZSUN.     FORCCT 

is negative when ZSUN is positive.     Otherwise the three forces are: 

FORLAM = AB1 * DOTPR2 * DOTPRO 

ALONGR = -AB1 * DOTPR2 * DOTPR1 

FORCCT = (2 - AB1) * DOTPR2 

AB1 is the absorptivity received by the program as Al and A2 and set equal 

to the proper one depending on the quadrant one is in,     Following is a diagram 

of the forces for an offset sail in one quadrant. 

57 



|3-63-849?| ORBITAL 
TANGENT 

RADIUS 

SAIL 

FORCE      EXERTED     BY     SUN     ALONG    NORMAL     TO    SAIL 

Fig.  20.    VECTOR DIAGRAM OF FORCES acting on solar sail 
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SUBROUTINE TALK. ;LOW   CHART 

SUBR.O 
TAC 

UTINEN 

£_^ J 

IMPLICIT 
COMMONS 

CHECK.  -   FAL5E 
AE>1    • I DO 
AB2   =   I DO 

COORDIN ATE5 
or 

NION    TRACKED 
SAIL 

3-tl- 5493 

GEOCENTRIC 
COORDINATE 5 

OF    NORMAL 
TO    RADIUS 

GEOCENTRIC 
COORDINATES 

OF      5UN 

GEOCENTRIC 
COORDINATES 
OF     ORBITAL 

TAKICiE: KIT 

GEOCENTRIC 
COORDINATES 
OF    PROJECTION 

OF     SUtsI      INI 
ORBITAL     PLANE 

COORDINATES 
OF     SAIL 
ITSELF 

BEFORE     OFFSET 

DOTPRO 
<    BETWEEN 

SUN)   t    NORMAL 
TO     SAIL 

<-   BETWEEN 
SAIL   (   RADIUS 

ANCHOR 

COMPUTE 
BOAT 
ROC< 
TRAP 

COWPl 
POT 

UTE      | 

COMPUTE 
FORCES 

ALONG   SAIL 
ALONGR 
FOKLAM 

RETURN! 

COORDINATES 
OF 

MORMALI ZED 
SAIL    VECTOR. 

COORDINATES 
OF    SAIL 
ITSELF 
AFTER 
OFFSET 

c ENTRY 
CUAN 

ROTA    AT   = 
XLAM -HJJ » TEL 
CHECK - TRUE 

GO    TO 
3 

GO    TO 
JOO 
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APPENDIX H 

SUBROUTINE MINMAX (X,   N,   XMIN,   XMAX) 

Subroutine minmax is designed to find the maximum and minimum 

value of a set of N numbers. 
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5-1!- SA9 I 

SUBROUTINE    ("MIN   MAX)(X,  N,   X MIN,  X MAX) 

DIMENSION 
DOUBLE       PRECISION 

X M IN    =    X   (I) 
X MAX    =    X   (O 

I   =   I   f   1 

X M I N    -    X   (I) 

X MA X    »    X   (I) 

KETUKM 
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APPENDIX I 

SUBROUTINES ALVISE AND CURT 

SUBROUTINE ALVISE contains the information for the step function ap- 

proximation to the equation of time used for the LES-6 satellite. 

SUBROUTINE CURT contains the information for the step function ap- 

proximation to the equation of time used for the LES-6 satellite analemma 

sensor. 
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SUBROUTINE      ALVISE    ( D D A Y ,   VA LVE ) 

1   15-BASS 

REAL   *   6    DDAV,VALVE 
DATA 

COMMON!   /STEPS/ 

' OAYOLD   .GT. DAY   ; 1 

1 ' 
F 

IMDOLD   *• \ 

11   =   INOOLD   + ( 
I'll 

J   -INDL6T 

DAYOLD    =   lOAY   O) 
INDOLD   -   J 
VALVE    =  CORRECT   O )  * DEGKAD 

(     RETURN     ] 
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SUBGOUTIKIE        CUIST      (ODAV,   VALVB.) 
) 

5-45-B»»o 

REAL   *   S    DDAY,VALVE 
DATA 

COMMON / SPCTj/ 

.GT. DAY  >_ 1 

INDOLD   =   < 

DAYOLO    •    BDAY    (J) 
INDOLD    -    J 
VALVE     =    BORECT    ( •>  ) 

f     RETUR.M    J 
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APPENDIX J 

LISTING OF THE PROGRAM 

65 



OCCCCCOCC. OOCOCCCOCCCCCOCCOCCOCCCCCCCCCCcfr 
ooooor)Coooficoooocoooooooonooccr*cc300C)Cooc 

„   «C h- ec cr r -< M 

occccccce 
erccc-crce- 

CJ 
x 
Q 
n 
z 

Q 
u 
CC 

3 
O 

c 
a 
z o 

Z O 
n z 
— *j 
i— « 
o 

Z  IS        Q 
UJ x: 
co co z <y 

irtO J J 
Z        —        — 

>-  Z ^s cO >— 

J Jt-  IL 
DC Y IJ X 
< < iu a  i 

7  IL UJ  11    UJ   CO 
n z z of i- 
MH«NUJI/I> 
»-  -I _l 0L CC 
13 >• 
UJ c c n cc c 
Of  UJ XI X< UJ 
a i- I- »- i- >- 
o 0 u u 
CD  UJ UJ  UJ 

o. a a 
O of a a 
z a a o 

o o o 

oO   UJ —• *• 
.1    UJ 
UJ  T 
r o_ 
UJ  UJ 
I 
Q-   V 
UJ  CC 

•- u 

-J 3t 
< z 
UJ UJ 
Of UJ 

CD 

Z 

o o 
UJ UJ 
CO CO 

CO CO 
o u 
z z 
c c 
31 X 
Of Of 
< <t 
X X 

or £ 
UJ UJ a a 
cr of o o 
a e 
z of 
fM re 

HtNJffl   -t 

II   II   II   II 

<*"* (*t e"i ro 

C6, Of 
a of 
c a 
o o 

CO sO  I 
I 

It  II 
I 

O Of 
UJ o 
of o 

to- fl «s 
O Z CO 
UJ <~J 
Tf JO 
Of <T UJ 
O X 
•)•,!     — 

O a. 
_J of 
•— n r*i 
< IX _l 
CO .— 

h- <t 
Z Z co 
D < 
CO  I-   of 

CO < 
»- Z _l 
co c D 
—I  O   CO 

cr       o 

i- Z 
3 o 
a. *- 

h—  h- ^~ 
3  =3 CJ 

t- Of 
3 X af 
a o a 

z u 
x 3 
o o. z 
Z 3 
3 C co 
a z 

z < 
C uj 

CO 
»   «   *   • J 

-< rsj — r\j O 
Of 

II   II   II   II h- 
z 

-H   ~-  fM  fSJ  O 

ix u- x x m 

\A <r LO prij 
uu •;* ST — _J 
Of — <r a 
O. n OC >- of 
>r Of CD CO t— 

ir> in XI n n z 
•* <f V r-i ^ a o 
r-- rs. •>- <!T y Li CL Jj o 
__i —i <: o •s _j 

o o C u. T f^ r a 
•   • T U. II h- c Of   X # * X H h- >~ CO oc D K   C^ 

e c t— C- — CO 1 10 XI z z •   • C_: _- -J z U- C •N. C  3 
LT\ o> — _i a LT LL cJ 

i    I a 
C 

> 
Of 
U.1 

UJ LJ 
1 
1 

o 
z 

c. 
z < 

> 
Z  < 

n   ii 
3 

X > Wl 
lA X II 

<* 
vC I-   X 

<M  fM LJ T z CO z Z Q <- I— 
IV  (M < U- tori z c z — Z r 1-  o 
7-   T_ • —I n o _ <r LLI >o r: y 3 — <  < C X CJ •H t— X CO * u X a 
_l  _l z o •— h- <r < s}- X FVI 7   >• 
X   X u. ^ (J •c _i o U • L/l C cf 

t- c UJ 3 _J Z2 z *o 1/1 LJ   U. 
O Q 3 _J ~ u tow Of oc X 3 > 
z z z a LJ *— o _l 3C 3 — 3 C r- x 
< <r 3 z t!> <r > _) <r C n *v »~ KM K^.1 

D i— •c oc < o -J LP Of 1— 

*0 o D Of z u -j QL rs, z < a 3 
1    1 k- > UJ -J c UJ o o • UK > a o 

UJ  UJ 3 cc > _j LD u_ O u_ X un 
O O U rv, < X c u CC •o X X 'O o 
-< o H -J a CT C u t^ > C 'si  UJ 
co r*- UJ 3 O o i—i c X x • •s. 1— X •   • u o < z ^r _' LL *- z — 1— z X   LJ 
—< •—i of CO te_l >_. u. D < vf) <T 'Ji x z 
I    I 3 u_ 1— »— -i _j z Of • O tori h-   3 
II   II u O DC h" ^> CO X D *— o IT ii-1 \— a 
rg r\j OL «. D a — z 3 II z < or 
rsj r\j a O _j -J _j U1 rr _J a' z 3  -J 
"J   -3 z X 3 Q- a -J X tA X ^- C LL' tori T   x 
X  X l/l .— 00 3 K ^ l^ CO 00 to- » - > » < ~ < t_> IT ~    + 
-^  fM —• rsj ^^ (SJ cO -  , at < a a X 

-J *. XI 3 X LL _; (_) » 
II     |l II II II II m X o^ cj Cl w 3 CO   <J 

f' 3 _J _j *• c < X **   <* CO un II l> h- at <I < CO X X CO      * 
to-     l— •"" _• M "" " i— 

n 
X 
II 

O z 
3 J CO un 3 UJ 

a. 
x x UL ii. •o Li_ LL 

X 

X 
3 

z 

X 

Of 
X 
JT 
UJ 

X 

co 

CO 

O 

X 
z 
C 

V 

II 

o 

CO 

X 

G 
o 
CO 
Psl 

i-« H- 

c. 

z 5 

CO  <Si 
rr < -> 

V X T 
z V # 
<T i s z   • 
1 3 u < 
•N a to- 

'-"   1 
z z 
n z —'  II 
z <- X 

>• X •JJ -J 
L, u —1 •— 
o CO > •r a 
i»» cc -0 x _- IN 
0 z 1 

X LJ O 
Of (~ rr. 
X 1— 3-  «3 > —. CD  LJ 
uu i CTJ 
-r < 3f  to- 

z 

IOOOOOOOOUOOOOOOOUOLJOOOOOOOOOO' I O O O O O LJ O LJ O LJ O cJ O cJ 

3 u 

66 



>* in *r r^ cc rr< c ~* rvj rr <t ir •& P- a c C- <** fJ 
-a-apc-c-craccccccc 
ccccocoooec— r- ~ 
ccecoecccccrco 

< — 

> O  — 

-1 _l — 2 

c 
r 

o 

n o o 
I-- Q *» 

I 

^ to \r c IT fT ^r 
i/> h- •c z h- o- h- 1 
Z LT- ? y LU 3E ^» • r^ C 
D D 3 ton X k- m -c -c tori r 'Z 7 - » » ft LO •- X tori r*i •• • c c ft 
u (^ U"' ^~ c. a? c C rs 
z ^ to i/) c to« • <r i 
D D to •• tori 3" •M 

u. 
a > <1 sC 1 

a i 
Z c D h- z X o c n 
n LO o D -! r » •• to • <r o i-n •— —- U LO D G "• h— _J (X -t 
LO — »— UJ P- X LU to • • —. to« o i' pj I 1^ > 0- CVJ 

f~ Z o -J LL1 
pi •• tori K LL <* ^ rr 

U- — O ID — X a- X -1 —' LT u X O 
z X u ft- > LU T X _J <T ^- C - —• -^ tori *r » a 1 » LL >_• 1—. o U I LU >^ x» o *- ft* 3T CL a — LU _) \s- to •• •• to •^ LY n o l     ^*• 
X> 'JJ X £ UJ » o HH X C M » I" r\j < •• to n  | 

CT* D o 3 to LU _J X o a o ^ H- <r fT "J a >- -) o 
a -J — Z h* C£ i LO » u-i _i < » i/i C X   —' rg ir\ 
cc •c LU — X XI < —I ^ to •• ~Z. ec r*i _ to •• f^ fO   ^) 
r> > n T » — O •_- *— — k- n C -r ~> c: h- CM   w* •4" ir 
CO » -J X Q T Q X LO (_) .—, LU — to X z: m   • a   ^H > < to 2~ O — CC ^~ on Z •• X to > » i^J » tori -s r ty> r- 
u. <: > z ^ Z — LL CT rito — —. # LU' a >- to t~ tori -) a or X     » ^   sC 

O C — » - —1 r> 31 c to «« > X 5. _J p -1 LJ <J~: c O a: •• to a to o ir s0 
D S" >- X X G_ < < —I Q to < <r — CC ~K 2 X LJ <t c —- *-. Q -- 1 r\j st 

t- ^_ <T <z — — —• _i »- • LU to X -J LL> o <T » t- rr N- 3- -3 X » m c a ~- 
to -J C5 X LO ^ 1- >- —1 X o; c i—i •• to — C (^ •—> » tori r: -) fsJ rg LC — LU >< C a X rt i~ tori tori to* — — tori to cx LU LU •—. —I LU 13 X o ro ~* 
—i tO -^ — Z <f C x> -J > 1— -H < ?: •v. LU -^ X > LU •• •• ^-1 [f\ ~* — 2 t~ — r tu c *: Q cC > C X •—• —- > tori LO LL *v < UJ o. o   • 4- f\j 
c > *t CL i— z i K-  _| LJ C Z CC Z Z < U 1— —I -J 5- 1- u. u r < CO    | r^ cr 
LU _J X =3 LU •— LU LU tO < LU H c CL —> -J •—< a • X X -I <T LO > 's. LU •^j -> — r^ 
I^J < u o o X Z to to •- I^J <_> o a LU u_ _J • •N. X _J a a • —1 _J » V • r*- •—. — CL z. * CC < 3 a LU < (^ •. O    • 
h~ h- 3T c * ^' Q. LO -v \ > o 
LU LU •— _ o ^ •v. "V ^ P? •— (Ni n    II 
CO < < 

to 2 
c a a 

a 
z 

c 
3; o X 

X X UJ ?• 3" T 3: z 3: LU < <r 
a. 

<i 

Q- 
-J 
<3 

or r 
o 
o 

<N,' 

a 
o 

r^ m 

r 
a 

D a 
u <i 

a » 
X 
X   jE 

ooooooooooouobuoooooooo 1_> u o 

o o 
o o 
o o 

MC cr o —. rsj m 
o o o PH —. •—< •—< 
o o o o c o o 
o o o o o o o 

2 -; Z ^ 7 z z 
to to to LO to to to 

67 



COOCCCCi-w 

ece-cc-cccc c c o c- e c c c c 

r\ r^ i«^ rii r* rr n r r jr. p-*^^-t-f-t-f-j*^irir. u". 

c-. ococc-arcr-c^cr. occcoce o <- c 

n 
z 

7- 

O O o a 1/1 k- * rr. Q 
cc 

•v. cc 
LL 

3 * > 
a: 

X 
X 

X 
X rvi 

o r^ LO o ^~ > 3 3 OJ 

o o <r ff • 1/1 z •- > 3 h- tf * V —> 
o r- ^ vt 1*1 *ft 1- •— LO a: X •* J3 X X 

m co • -r in o z x 2 *- >- h- —s MM 1 O O 
<\J   <\J m • cc a. UJ 3 O r^ k- 3 M —4 » 6 <o c O -ti- # 
r- r- rv. m —1 z. • 5T 2: <_• •— LT O UL t— •Ml •£, 1 • • 
*0 m ~— iv. ro •—• t- rsj LU • Q • rr —> 0 rr 00 er 0 —•    • — CO h- _» m —1 —. O r\! CC r- ^~' •0 O • 3 
O (V r- ^ r\l UJ • *^ LU cr X LU — • • 1 .-1 3 -* • 

• CO 1— O * o L- 11 II II 11 II >D O 1 LT * ~- -^ 1 • (M O c 
O  (M <y> O ^ z tjO UJ II » (M Z •— r- 1 1 II O 1     IV 

Q O t- — o Z X -0 —t UJ M _ fNJ c- LU 11 II —> 
II     It 

It 

II o II 3" 
3 II _ a 

o 
|w 

t- 

V 
3 

— 
k- 

i— *"* *- •* II •N n 
(V Z __ || 

-1 
II    X 

•—1 II _J z —* ii LO it UJ (/) >- UJ < 11 LU < c C 3 1— r^ f^ m -J 11 
Z Z IM t- _J — -H 1 .—< > UJ H UJ > 3: z t— 1— •- z —. 3: t- M h- •"•j < f— r T" r —1 

3 •— 1/1 t— 3 <I II II II <I z Q > 3 3 a m 3 Tt _ cc rc cc (N r\j _J z <T <T <x on r^j 
LO i/l on o a a o u. —' (V r"> iC < < < a: 2 0 K- IT O 1- CC 3 > a 0 •J c —1 X 0 _J _J -J o- -> 
uj 2 u X z •— -1 ~i ~5 —} _i LJ —• -3. LL Z LL 3 X 0 X 0 X X X LU   X 

^^(^^^^((SjfNj (NjrM(\jiMf\i(\jfsi rO(^fnfO«irn 
00000000 0000000 000000 
0O000000 0000000 000000 

zzzzzzzz z z z z z z z zzz z z z 
irtifl(/5i/)i/)i/)»/)i/l t/)c0iyiL0t/)t/)(/) i/) 1/1 vi 1/1 i/i i/l 

O O 
O o 

z z 

ft (*•> .J- 
o 0 o 
O O c 

zzz 
l/l 1/1 to 

CM m >* 
-t ^- -r 
000 
000 

zzz 
LO   t/1   LO 

in -0 
•*• -t 
o o 
o o 

z z 
l/l LO 

r*- co o> o —t no 
-j- -r •* m m m 
000000 
000000 

z z z z z z 
oO 00  LO CO  LO  LO 

68 



ooocooooccooooeococoocoooc  ooocoeoooocecoooccececc 

» o 
— r\ 

< INJ 
k- — 
UJ 

c 

* 
1/1 

c 
c 

o e 

r\j 
•» -> o 

X o 

# — o o 
-IDC 

_l — • • 
«— KTs rr\ (\J 

(X UJ # v 
UJ V 

» o <-> <j 

7     II II II 

CO  ~*   CNJ   >$• 

o u o u 

o     c 
-1- x 

'   X   O 
in » 

i c — a x 
3 O   I 

I z   • 
3 X O   II 

— I- * > 

II 
II     |l   (M 

a 
u 
o 

"V 
UJ N — c * > c 

X  Oi LU — • 
X z o »" 
«   I + — »•« o X x — a L^ M ^t X 
_j c c * Q X JT: # 
a o 
i    < 

o * 1 X 
en tt 

H 
O  m* —« — * ** o UJ 
O  — w t- UJ c <x Q 5 (/> • a. o •— ^ 2. < U. C 
o « s. a * 1 UJ -^ •c -J LJ. D 
a* un c X UJ _i X C • 
<m < ft, G X o »- h- > 

H 
O 

ii    II II II 11 11 II II II il II 

* < 
« _i 
a x 

f\l   II 
C O . 

O-III * X -J < X z 
II     I   Id   II 3 ^ UJ J - « 
irilU. Z Z ID X _| _| 

* -3 Z X X u. XX 

ji/iaj 
< li. I 

>-I-*->0-CK:XOI—t-i-xxoo 
<  t\J UJ 
tj a ic 

c 

CD 
u 

.- rvj 
(A (V 

— < 
* _l 
in x 
* I 
* I 
a < 
* _i 
C X 
a — • * 
<v e 
— o ~-     ^  • — 

(\J —   fNJ   Pvj 
# C—•   * 
# C   1/1   « 
— • Q — 

<          I C   < 
t~       r\j *   I— 
UJ        * UJ 
X *   » X 
I— UJ -- I— 
— :r —       w 
z * <     z 
— u. >-        — 
IflOt  UJ fl 
o » x     a 
— (M- — 

* a o c 
H* s: i_>     *- 

# » —     ^ 
a c # Ci 
— c o a a 
^    • O    • r\J 
if.    . rr* C 
o   I   m + 

— + 
II 

-* f\j rn .J- 

I 

O 

m >* in .0 
in in ir\ in 
o o o o 
o o o o 

z z z z 
fl l/l Ifllrt 

p-toao^iMpu;inJjMO^OHi\jfl^ino*-in^o-« 
OOOOOOOOOOOOOOOCOOOOoOOOO 
oooooooooooocoooocooooooo 

tOI/l4/ll/ll/lt/lt/lt/ll/lt/lt/'lL/)t/lLO(/)UOl/>l/l»/>^l/lt^>l/)l/ll/' 

o 
o 

CO  CC 
c o 
o c 

69 



code— —< — .~p-,-. — ^-^-^-f^(^(vr^f^rM(\Jrv,^(\r-1m«"irr^rr^mr'f^>4'»rst^'N*'*^-**»--*iru"ir 

v 

—   I   T Y 

(N)  (\J 
fs; rv 
T * 
<X < 
-I -J — 
X X  < 

r ± iu 
< < x 

— I # # o 
<i-         e 
i- o o o   • X "* 
LU  (_)  O  O  (\i -J 
X        •   . — 4- X 
i- •   r\j rsj 0 
«—-      —• — i** 2: * 
(-0 x Z on H-I <I D* J- QC 
o t- M a on _J -J « # 
o o </i o o X X  * <* 
o u c o 0 O ex a 

c a 

11   11 ti   11  11   11 1 1  Csi  (Ni f\J O 
t_ t— •_ on 
_) _J X * X 
x x 1— _J _j 
—• o <— x: x .4- irw 
on o on a Q at ar: t 

ry S» <-\i IJ un X 
i_ T _ * 
_j I— < * «• • -n 
X 0 -J — — 0 0 
C 0 > C C tx • 

^ L) -Y 1 c c • m 
Or * c 

LL 

ft 
< 
—1 
X 

1 1 
r 

0" 
c 

— on •— — O 0 e; C 
C X LLI * in tr c 
c t- X 

Of 
0 
c e 

T X N 
T O O 

1 
1/1 

* on 5" < 
O 
u. 
X 

- *v 
O 
O 

O 
a 
0 

l/l 
3 
1— 

c* V _J * I i* K +* •— -7 
l/l r- CC •*• l/l en on 
X u <: C C" O C O O 0^ * trt (- t- a IT 0-1 on 0 O a T X — 
c 1 UJ or Ck X e • • t— t— 

u T * 
V, 

r 
UJ c M 

•r' L^ 

l/l on „ rx O «- C — or. r~ IN 
<y 0 

c « « « * c O^ 

X 
0 ft ir v. C H + N w 1— 
0 a: • -J X & —' f\- m 3- 1—1 • O s, # <r rx X c C (— rn ro r<~ r*i — <I on 
m O •— X IT C 0 a — —1 "J —1 •J •) — _J ^ a IT • 3 X UJ or u • • l/l X > ^-< X X r X * 

O a rvj _ »- X rvj —< r~ r- r<- O * Z 
CD Si *> X 

C trt 
<— 
0 X 

•s, ft 1 <• N « Z 
4 

* # 3T < U. 
cc 

_i —I — t— f\! CO * t\J a cr -J or- Or- —I a 
U •C N X # * — k- t- — I —. N rv. a n X O • X X    1 

N i- •v l/l X I <: h- < X O "5 Ltl UJ 1 U' UJ 1 •^, 

+ * _J O a: t£. 1— t— h- — h- t— — rv X or rr 5 Of Of 7" 0 —.    M 
X O c UJ O * •— — IU l/l LL> Q f\l 1 <T < — a 3 

r\i LJJ •— u l/l l/l T T u tt X ft * * —1 * * -J *~ U_ on 

* O CO -0 * nc ft O f— * h- 0 •ft X X < 1   — # a G W ft * w — * c/l rr # O O O — O O — _j 1— 

ct a * :s a LL O 3 Z X I/) X cc QC — C O. O l/l a O X a a 
•v U. _j 0 X C —1 —J -* t-. *— O w— s. c -v. IT • • • O • • 0 r\j O 
r X m X • •— • X O u 1/1 —• u c LL. LU 5 • (T (N, ^0 O 0 O -j Q on 

1 + u 
1 
II 
2: < 
_i 
X 
[\J 
G 

0 
1 t + 1 

k- 
UJ 
X 

r\j 
O 

+ 4- + m 

O 

O 
O 

c 
II 

X 

t/> 

II 
a 
i/i 
X 
t- 

o") 

X 

c 

u 
II 
0 
LO 

X 
t— 
0 
'_> 

II 

n 
at 

11 

on 
f. 
T 
UJ 
Q 

c 
II 

a 

+ * 4- 
O 

4- 

< 
u 

UJ 
H 
h- 
UJ 

— rx, 

11   11 

< 
O x 
on C 

Hrsifn^i^NCNcc 

U 
U 

OOOOOOOOOOO -4 
00000000000 o 

zzzzzzzzzzz z 
i/)uii/)i/)i/iwuii/)(/ii/)i>i on 

m 4- ^ o r- x (? o 
O OOOOOO —» 
*4 —'    —'   —   —-   —t   —> — 

O OOOOOC O 

z: z z z z z z z 
1/1 onononononon 1/1 -n o*) 

70 



irtrtririiririrto»D<c«o^)»0>c«O^'f)r-h-r^r-fwr-r-r*.rfcs o Kcrceraer. oca cc a c 0~CT ^ 
f\jfMPy^r^^pgf^rs.r*jryjr«jf\ifNjrMrN.fxir\jf^iryry(Vf\.r^rM*NjrMfs.fVjCNj^ 
^•* r"> <•» **i r-,  r-  r*  r^ r:  r~i  r~-  i~-  r~: r*  f~*i i*-v e-- ^  r*  r—  ^-  *-^ ^-. r-i^-*—.  r^  r-< c~   r-^ f   ri  r r. r*  r-   t—   **•  r~  r~   r-  e~ O O C C C 

^pgf^Cs.r*jryjr«jf\ifNjrMrN.fxir\j^ryr\jpv:f\.r^r\jrsirMfs.fVjCNjfvir\;r\1f\ 
ccoooccccoooocccococcoccococc 

o-acra-cccc 

ccctrccccoccccocc 

o -^ 1-   X 
n —. 1 — • X   ^ —< 

I/: on 
r\ — c 

c> h- <-~ * 
to T <- >— 
T K- r <~ I •— ( X p- *- 
c t) l ) _i I— 

o X 1/ ft ft — ft ft 
T Lfl 

c c p* •- c r\ 
c c ff r L_ r. * • _J (.5 c •") 

c *  # 

T o — K- * — tr 
<r I »— •c T T 
•- *- on o t— H t— 
LU  •— Q LU a a T 
x on * • 1 <. J i) •— 
h- <N 1— I 3 — * o 

on 
~~ ~~ # •* 

2 X X ;" LO T O I :Y 
M   ^ t- i— t) t— Q t— 
00   •— •—• i-0 L > o • — 

•tt 

O on on £2 CJ o IT l/l Q.. 

II  II H II M M II II II 
o o r\j a lf\ •x 
oo U *- on t/1 1- 

X X I T r. T T o 
1- t- k- )- >- 1- t- i i —  — •— >—• u ( ] n •— N 
to I/) vi VI u LJ o i/l Q£ 

c ~> o 
ro f> — 

ar -5 -5 
a x x « 
or *• # ~- 
# m 

<* a a. a a a: ") 
* #   V.  C C\  o X 
# -J-   LU   LU LU   IJJ LU 
a a or oc or a. a. 

II   II   II   ii II   ii II 
o c -* — 
to m r^ m 

or or: -*> -> oo 
o o x x o 

^ in Ui '-u LU a- x 
a: or or or. or or a: 

• # m 

 5" 
2~  f\j  (V  < 
<  *-  t-  -J 

: _J T ^  x 
i x < <r — 

r\.  x r 

: i- < 
—< _j «NJ _i 

ft 

cor. 
o u** t/1 fn 
O    • X  -} . — >-.. 

ft        ft- * 

i #   w L: 

X X 
X  *~ h- 

!•-•- — 
)  t—  iS <S\ 

on 
#   « 

# a 
(v m o 

.— r*-  n~  S 
!Ti   -)   -3   O 
on x   X .J 
UU'U.   •** 
X     Q.     Q- 

or CL 

o O 
LU  LU 

I   * — ' 
X -v. C  -J —I 

o: ct Q c nu c c 

II   tt 

-5  —)  , 

II It 
O a. 

i on Q 
a oj 

r-tt-xx-r— *x 
I 

on rst 5. 
C (M <t 
O ~3  —I 
C X   X 

II II   II 

C 2 on o 
o — c c 

• t/i o    • 
(v o e> *\. 

n II II   it 
>  f\) fSj (Ni  f\j 

on o 
O O 
o • 
a (\, 

x x on c? ^~ 
sr or 
C O i 

Ur_iJMr>ji\ 
i <r x  x ro 
: -j — o _J 

i x on t_) x 
X  X   _> 
o o x 

X   f*" 
C _J 
O  X 

oO o < 
3 C _l 
t-> • u. 

II II I- 
IX ff LL 

t- I- II (J 
i\i ^ nr 
n" ^ _j C 
x _i a.. u_ 
o x t- X 

r? on 
o- or 
ex o 

C O 
r o o 

o m c a 
c   • • a 

• c. o u_ 
<3   ^   «C   X 

o~ -H 
a ir 
C on 
LU (J 
or x 

oo c 
or o 

^ f\j m -j- LT O ' 

m ^ir^NcoL>o>^r\iiri»fir\ONCcci'0'-'f\j(^^LnvONcccro--r\ifri^J'ir-ONajo' 

O ooooooooooooooooocoooooooooooooooooo 

Z ZZ2ZZeZ222ZZZZZZZZ^Z2ZZZZ22Z2^22rZZ2Z 
i/) oooOoouooounonoOononooononLOononooon^on^ooona>on^ononL/3iyioniyiooonooon 

71 



occccoooocccecocoooeerocccccocccococc  occcecocccc 

ox — 
c 
o n 

Z 

>NJ rO 

rO m 
_l ._i 
X x 

T z 
V" u- 
a <~ 
# * 
X »- 
n 
u 

T X m 

o to x 

o o c 
c c 

«/i   i     I 

•  O O 
to to 

— X X I 
J O H t- h- 
• • o o n 
]     «UUl) 
j —« 

X    I    #    »   # 
o u 
Q • * 
I T 

to C O 
X O O 

—• <\j m «*• LO sC 

3 
_j 
X 
O 

c «— _ — * Of  LU 
1 # L) h- ^ X 
«i —. * * * u a. n *- 
_j a on o -1 o 

r\i O a. l/l o —t M a or 4 X 
re t/i C a; * m n-i m i/j o o • -> •— LL a —> "5 "3 i— LL Od 
x to L1J r\j X X X on * *   X 
u_  X # rrT r\j OJ LL, LLJ X * * *- 
a: at —> of or CL a < a- o 

LL' « X LU t~ a u 
•  * u » * * * LJ LL, 

a. c> * a: X # # 
o O C tr. o C O o a k~ 

Q Q LL a: o a O Q o U. c o o •    • X Q c LO LT • • X o a 
o LT\ X • • « a^ LO ft •   • 
m •J' • O ^ —* -^ •H <f + f\J  r\j 
+   + 1 * 1 + + + Of 1     1 

o 

D 
O 

3 
c 

< 
I-       <t 
UJ sO 
X — 
1-      u. J- 

<   •• in ,_) — — 

— 1-3 
^  XI O 
E O ^ 

. — IT   X   X 
i- a.   I  x i: -j x x 

X m 
a — 
U    X LL' 
U   IT Q 
u.   » — — * 
n   • » 
» LO 

c — 
<t LL' n 
z: a- u 

x   - r 

X   X ,£ 
-  *t - 

— ~ m 
O X  *0 — 
—     ••     • LL' 
r Li' LP a 
_j   •• — — 
X   <T   LL » 

— G. 
I   in — 

ac Q;       I- I 
<l s~       — +  <r — 

x < <l x 

. ^. e  » 
• x < 
• < J: 

7. _l 

IJJ — ~- z ^r' w 1— 

T II 

1— •— ;_" 
H— LL UL 1— __ _) CJ 

-•a •*-> z at. «— X o 
UJ 
O m 4" J-> 

Z OJ — —• 

<ici.Q(:<ro<_i-JX 
>   ~- 2"   C.  5"  X  X XX. 

iZ"                 Z      •  *? II J5 -t •• 
I  —•    l|     II   t— O ••   H     'I — — v^ 

3:           y_ G^ £ x t- • 
C C LL a. <r m 

<. a. »- s: —. 
s: a. — « L_- 
_J —• ac c a. 
K a J uu m* o < U.   O X !_) x 

3 
<r 

—  rfy _< 

r, HI 

•• r*- x       -v.      ^ i 
r\, <^i — c-  ? - i 

D C 

a o *\i o (N; 
o c >• c >• . 

OJ  < 
I- I" 

IT 

L^ 

O 

^ N CC 3- c -^i (\i c". -4-ir  £)h-fnCT,C—tr\,m 
tOLr\LnLr^;-o^*oo,C'OvO-0'Or,-^-K'^ 

ococoooooooococooo 
Z:ZZZ^Z.^T: z^zr^zzzzzz: 
(/)i/ii/)i/iiyi(/)iOi/1^i/'. i/i'/li/lf'/i/lul'/i 

c c o o o . 

72 



f sti^^Ncnac — rv c- •$• ur >c f- 

IT r ir (f c (f: tn C> («i m Ci C ,^ l^ (^ r> (f 
eccccccoeooce oocc 

(7 c «-i      (•'^•ir^r-trOC^-fv'r*'. *j-ir>£ 

ccrcocrcccc:c C  f~C 

a c~ — fvc^^ir^ 
oooaC'oO'O' 
(* c ff f ^ i< r r 
ccc ccece- 

D 

U 
u 
C 

LU 
a < 
u. 
T X 

1/1 _ 

- 3 

l/> O 
— z 
I UJ 

r i- 
«X LU 
-J X 
X   h- 
c a 

o * » 

!- 
U' 
c 

C 

C 
LU 

I- 

0 
C 

4 

r^ 

o 
O LU 

_/ >< 

o o 

• u. 
2 O — 

• o o      ~ 
X      o o o      >- 
X   X   O      •     • LU 
^X^-OCOQ O 
<I^sOOOLU-J LU 
v- ?: m •* *t Q x o 
UJ< s o O-J  I —I 
X _i >- oo a  x I— x 
K   X                              LU *-* sO  —4 

II    II    II    II    II   O I   M>        II 
II   O       O             —I 

UJUIUJOI-X II  C   II  > 
O O > O UJ LU — t-        LU 
UJ J< JPC _J      JQ 

QXCX*-_JU._JO-J_II 
h-        »- O O X *- _lO_jX; 

m ^       IT * 

II        — Ln 

o a 
• >c 

o in 
vH 
1*1 II 

II 19 
u ^ 
z .-: 
o -i 

+  O •- 

I-     oe: 
Z  ~  DC — 
•—' c u^ 
BZ«» i 
UliiHO 
h-    r—          • f\i 

• O UJ 
II  K ID — 

_J    • r- 
h-    • r\J h- 

-H Z I- ~ < C3 
I w  s: ^ 

li   aC of 
^ o. u. u. a o 

t— >— •— u. o 

^ 00 

I s: 
r-   < 
O -J 
••  X 

I-   » 
LU   T 
X < 

— a — x 
t- o > — 
a   - z > 
» •* a «£ 

i no. 
— >      c: 
> 2   II 
o a       II 
Z Q < 
— )- x 
U_    II    LU   < 
it X -I 

UJ  1 
— X  < 
V  I-   _J 
rs   O  X 
o — o - > — 
c£ Z > 
a a. 2 
— ^  Q. 

2 II 
a II 
c: < 

II UJ <E 
X -J 

a H K 
c o a 

D 
C Z 

• C 

c <r 
*- a: 

o o 
O QC 

CU 
Ct — 
LU 
>  LJ 
LU  •—  —• 
Z   <r-   U^ 

Z   •    -< 
<    Z       * 
o o c 

3" -1 

<t G ~ 
or      -* 
o <   I 

— Z 
a.      LU a: 
X        — D 
t-        •- a 

LU  Z 
uX   LU 

M m 4- un 
00  CD  CO  CD 

oooo  ooooooooooooo 
Z Z ^ 2 
t/1 t-0 t/1 i/l 

a o -< (\  (*l IT  f-  X 0> O --« "M fl •4" it\ NO r- ao 
o> o o o c o o o C   •—••—*   ^^  -^   -*  ^H ^- ^- — 

r\i rsj rsj (\j PJ <\j (M   f\J   fSJ   fVJ   r\J   fNJ   (NJ (M rg rsj 
o o O O C O O O O C O O O O O O o O 

z z z z z z z z Z Z 2 2 Z Z 2 Z Z" z 
I/) l/l ul   l/l   VI   I/)   1/1   1/1 V) (/)(/!  i/l ^  1/)  1/) 1/1 1/1 1/1 

73 



c 

CCCC CCOOC _. ^. _ ,-. 
w^^ir-Cffor 

a  o-accecccccoC'C^.~..-.-'-<.-.-~.~.-.<^r\jt\jr\tv<\.rv^r\.rv,r<- 

i  eeccc-ocoocoocecccccceccot-eccccccce- 

c < 
c 

u 
Q 

a T 

-J JJ < u. ft- V _. 
3 3 T 1/) t_ ^ j of >• U • < -* M 03 « UJ 
o > a LL 4 X — _ C h- 
r Z t- Li 7 V LU 
o r LJ T 3 —1 ^ tr 
c MM z k- o 1 z 
LL U. 3 Z u_ LU — » o LL a ar •s 1- 
U-1 

LL 7 c > r-i a a U. 
o a a 3 Li- LU a 3 <r iyi 

S' a IX C- C r*j h> _J 
3 c \- u Ci z m tt LA c 
x o v\ Z »— LT C z 
LO ^ — tf c c 1— 

•• l/l < Lfl V LL r- _J z » 
o .— Q C T — <T — 
IT a: 

u. 
15 
Z 

at c 
—1 

t- 1 U1 

_j LL 
n 
c 

1- y ^~ l/l (/> —i a~ _J ro 
z UJ Z "S. > LL' or < a -^ —' 
u X —' <r l/l •> i— V i— 

LL a u. Q. X • u u II 
z — UJ u, a •c ij_ LJJ 
l_ LLJ r 7. <T z -r X fc— a: c 
_J 3 -< •— LL' r^ L- l/» X _' — 
• •J LU i/) > X LL. "V < LL u X m 

c <r ^ LU O < >— —) Q a _J X ft c ftN 

c > •J UJ o X <r X —1 — ^* •• 

II •. <r cc QE t_5 h- < a: u <T c i— Cv 

t— > <r c •— t- (J Q X > c: — 
a < & t~ H UJ UJ LL1 K f\J 
c O x U*l X l~ Q LU > — + » a i/i ft- • u - 0. •z <r > — t— 
z — *: u 3 > UJ a ^0 o C <T > c l/l — UJ u Z 2* I/) <r a _j D <^ _J — .J «tf CO ft-. 3 <T z c •X LU c ex LU (/) O X c k— — X 
7 — a. l/l •4 u X r_ V- X X o l/l --   •—• ?" > to 3 u h- _J z —1 c •s, • z _J — —. 

_J Q <: LU (/I 3 u_ <r •— •— < •— L/l i— •— X 1      > 
II < h- _J a. x > » CL > > a o s_ < 
i_ UJ ftM UJ Z ft- - D s: LU LU • ft— ft>,  Q 

5 LU LU Z c -? — > —i OJ c a'. |ft> > ft '_S < Z 2 •— X _ UJ < C f— _J G cn < c II — II II 
Z —. —. u. h- UJ o C > H w "*. o _J ft— 1 LJ 

h- *— 3 X) I z c <r < Q o II 3 

1 X> 3 a c~ h— UJ 3 UJ Z >• — > Z 
3 a Q£ a: a CC ^ X _ II <: *I ft. 

l/l of a Z LU tt < < k- x: C — o h ^ 00 fO UJ LL, •3 LL _l >— 5- > — — <? 
C 3 a X X X LU <r < •z LL o •d L_ t—• CD LL X) -i — 1/5 wi >— I— >— EX UJ X1 ~— XJ u c — • X. ~3   •— o 
h- Q. 

a 
a - 
cr 

W     ft*     C 
<  — 
LD ~J O 

x 11 ^ Cl Q z 
LU 

l~ i~) U X 
—; /- V o _J u- Q ( •3 ^ < 11. P1 

^ O ft- > '/ OJ 

oouoooou 

o o 
c c 
o c 
z z 
l/l l/l 

c c o o —• -~ —• • » 
oococcoco 
occooc ccc 

l/)l/)!/1l/)^)VH/)l/>l/1 

in JO r- co o^ o 
^ * -j * ^ N 

o o c o o o 
o o c o c o 

74 



h * 

ccocrcrcococecccooccccoceccccoooccceoccooocccorc 

n r* *" 
c e 

-N.-N.^V.-S.^-^V.' .   N^   "N.   \   \ 

z 
o 

3 
< Q 

y < 
o h- 

D 
5 

ICC   iTCLTOl^O^Cl^ 
r\jir^-Troirr^o^'u"'*~ 

LTOLT          
<\j IT r-     .^^-^-<fv.f\.'fvj(\)«-irr. r*-f*- 

k—  H-K-l-h-j—   k-k-»-t-k~Ht-*-t- 

LULi.'U-LL.LJjLL'LL.'LlJLLiLULlJUJLLUL.UJ 
(XCLC£.C£(X.CCC£rirzfC£cCXa:XQC 
a c. c:otrccacc;oarr-_3 

^M^-jinvOhtrco-* t\; i*~\ ^T is> 

OCOCOOOCCOOOCOO 

<<<i<<<i<r<<<<<x<i<<i 
I—  k-t-f-t— i_>->-t-k~.k—  k—  *~  k-  k- 

QOQOQCOQCOOQCOC 

iT T   iT  r*  r\ 
oi^oiroifOirc-i^cr-ir>(Kr » 
ir»r\icr*~if*fv.of,^if,f\jo • • • • c 
 o^cri 

re, ^ n~ r^' t\j r\j f\; •— -- ,-j —    ••    »   ••    »   » 

 C   LT  c   IT   C 
IT  C   L^  f  Irt C L^  <"   IT   r-  iT ^ ^  -^ f  M 
^•ir. mNONi">r-f*-crcno"C''~H — ~-< — —-* 

^j»-^^(\{\.(Vf\,f\j(Njf\jfy,fM(\r'    r*^ 

1—  f—   I—  l—  I—  I—  I—  >—   *—   I—  t—  I—   1—1—   *—   *— 

-LJUJUJL.>LUU-U_L-LJU_U-'LL    U-UJLiJU    LL> 

<      o u o o o o o o <J> <-' '_J u; w <-' o o 
to 

r>, r^ (\ fs, (\ r\ pri m 

COOOCJOOOOOCOQOOO 
'J O tf '5 U '5 O O O"  LD O O C l* O C 

<«s<<<r<;<r<<<<<i<r<<r<r 
h-k-^i-k-k-k-k-k-k-i-k-k-k-k-i— 
<<i<<i<i<<i<<r<3<T<r<t<r<< 
-ococcccoocooccoo 

O l_) o o o u u U O (_J O O O '-J 

^•ir. or^ccc,c--'fNjf*', NJ IT or-oc 
oooooo-<—«-^^—<^-^-^—• 
oooocoooooooooo 
ooooooooooooooc 

?. zzzzzzzzzzzzzz 

J'C^^lr^^}•tf^^c^x(^0'-f\',' -f 
FJf^J(\J^|(\f\lf\l(\l(Mr^(f^J^^.•flf'lroc, 

ooocoooooooooooo 
0000000000000000 

ZZZZZZZZZZZZZZZ.P 
i/1(/lLOi/i(/)i/l(/li/1;/l«')i/iiy;cOi/i(/)i/) 

75 



c^Mf^^.+ ir^jr^occro^-rvir^^-iruDr-ccCT'C^'-'rv rr^ir >rj r- cc c o 
orccococcrococococcDO'a'O^ao 

cccoececccccccc 

ace eicooccG*. 

coccccoc-occccoooccccococ * 

^-rvjrr^ifAsOr'-erO'o — rvr^j'vr-cr^ era 

'*   IT- IT  IT.  If   IT   IfN  If   IT ecccocco 

^^-v^^^^v^- ^***>v',«sNvNv-x.,st
,s.-v"s.' 

O C -• 

Psi r^i •* 
rn pn pn 

lA O 

•   • (\jOf\iir>r-of^if>r- 
O C1  
I    i    tocoo^ — •-* -< 

(firOff m m ,$• >t «*• -t *t *t 

n^^l^r'J>Of^Jl^^o^l^^^p^^ln^c'^l^f,^ 
IP r\i o f*- tr <\ o  

•    •    •    •    •   •   «oCO—<—'—'--rvjrvjfMivr". r^rrif**! 
^--M^OCOOI     |     |     )     it     |     |l     |     |     |     |     II 

^cc•t«^|'fiC'J•c^^|^0C'tT^-c^^(c^fc 

rvi <\J f\i rvj (\J <Ni <x r\j oo CM rvj rvi <\J <\j <\i rv rv r\j rv rv rv r^ 

or o: a: 
O C O 
u o u 

<  <3  <I 
CQQ 
o o o 

oooouuuouoo 
UJLljUJUJU-ILDU_tLi-llUUJUj 

OOOOOOOOOOO 
t_-' oooooouooo 

v>>->>>->>->->>- 

COOQOOOQCQC 
ooooooooooo 

OOOCOCOOOOO 

OOOOOOOOOOOOOOOOOOOUOO 
UJLULiJLiJIJJUjaJUJLUUJUJlJJlJjUJIX.lU.IJ..laJIXILiJUJtLJ 
c£aaffo;a*o"xrfff«tftfo:Q:cfaa:ci:tta: 
onoccooooooooooccoooco 
oououoouoooouuouoooooo 

v3--4"^*TiPif\tf\iru^inir,iTipiP«o<OvC'*-^^,o,£ 

>>>>>>v>->->>>>>->->>->>>>> 

OCQCCCCCiOCC-jQGCClCiC   QQCQO 

<i<r<<<r<x<<i<«i<<<<«i<<<<<i<< 
•-t— i— >-•-•-*— I— t-^-t— t— )— i— •—•—*— *-»— H-t— M- 
<i<<r<<r<<<r<-ei<<<r<<<<<<<<< 
OCOCJOOCCOOCCCQQOOCOOCQ 

o u o o o o u O O O O O *_) o 

co en m 
o o o 
o o o 

ooooooooooo 
ooooooooooo 
ZZZZZZZZZZZ 

CvO--Nf^^lA-Of,-tD^Or-'Mrfl»J'ir*Of*-crO,0 
Htirif\irif,Lf\LniPif*if\if\^o^o,0'fi'>o«o,fj-0'0^p*- 
ocooooooocoooooooooooo 
oooooooooooocooooooooo 

zzzzzzzzzzzzzzzzzzzzzz 

76 



r^rr. r*fr m r^ m c-, (^(^>tsj'4'4^«J,^'*,^«tif ir> ir ir tf* tr> ir if- ir. ir ,0 «c 
ITi IT, If* u-. IT   IT. lf\ IT  U"\ IT If  U*. IT  tf> IT IT   ir, If   IT  IT   IT   w   IT. IT  IT. if.  IT  if IT  IT   ir  If ' u< 1*1 u> v\ u    u   vi v u    ii   HI y-  u    iru,iTi;i/L'U"iru"iririi"iriiir  if 
ccc-eoococoocoooocc ~ 

w   J   *J   U   "-   U   J   U   U   U'Ui 

occococccoc 

» 
* 

* 

T 
I- 

ft 

o in 
o N • 
<f ^J 

» fc • • 

«t a: 
c O ro p~ 

s, \ 
a. a 
•c <o 

oifotfOirCiromoifOiroifc-ifc 
o^-irfMor*-u"'\.or-u^f\jor-irl<\]orvir* 

I      I      I      I      I      I      I      I      I      I      I      I      I      I      I      I 

^•4"h-CrriN0ff,r\.'ircr'-,^h-O',,^OCT'fNjir 

*s "•s ^ •v. \ *v \ "v "••V *•*. \ •v *-v ^ •s, •v. V, \ -V. 

O _ f\| f*l vf ir> .T h" a: <T o ^ (\ m vt ir .fl N rr 
r- f- r^- r- r- r- h- r*- r- r- CO a x X oc 00 X X X 

a: a 
D C 

HILUUJU,'UJU<LJJliJUJliJUJUJajUJUJUiLLLLLL 

co a- 

>- > 

<   -5 

<i<<r<<<<<<i<<i<<<<T<r<<r< 

u o o o a o u 

r- r- 
o o 
o o 

ri^in^MiON0'«rvrt'firi>OhcDcro-- 
r*-^r*-h-r^r^r-coccxcococcXcocoaocr'a' 
ooooooooooooooooooo 
oooooooooooooocoooo 

ZZZZZZZZZZZZZZZZZZ.Z 

(\j HI 
a c 
o o 
o o 
z z 

77 



c 
r- .rf up >£ r* ectTe^jrvur^^jirj^h-crCC—Cujrr^ir«Ch-cOf? 
*t*c*c^osC*or^ r^ r- r~r^i>Kr^f^r^«accoua.a:<r'Ccccer 
u^truru^ixiriru*ir\ipiru^ir>iriiriru' in IT ir IT IT ir IT. ir IT- 
cceoccccC'Ocrccocc- oocccccco 

l~ 

_l < 

3 3       ti- 

er D 
c u. 
l/l 
z a 
LL; UU 
I/I t- 

t/l 
Z 
3 <i z 
</i       c 

C" IF 

— — O 
tt 7U 
li.< — 
S. u. ^ 
UJ U-'  1/1 

— T r- h- 
UJ a.      UJ 

_j        UJ V) 
< z _u >» 
> < cc 

•a z 
>• a K — 
< 3 
£j IflQ 
C   ^   LU   UJ 

t-   Q.   i?t  t— 

3 c <r 
O 1-        Q 

UJ z 
IL UJ   2  < 
Z Z — 
— — I- c 
*- *- 3 UJ 
3 3 C -1 
C J  Q.   — 
a: a:      a 
ffl CC uj I 
3 3 X O 
U11/1KU 

UJ 2 
I 3 
I-    C 

(_•> 2 
Z — 

^ UJ 
C. X 

*3   U^ 
a: 3 

2 a 

a X 

^ _l c 
.        2 

-t UJ < 
<\J X 

u/i < or 
2 C C; 

•a c 
> c 

z 

U, IJO 
6.   < 

C? UJ 
*-  X 

UJ < 
3 Q 

a i 
UJZk 
z — 
— UJ 
h   UJU 
3X2 
Cl-Ul 

LJ   O 
Q  -1 

a 
CO   > < 
» a 

i _J < ; 
< t- • 
UJ   < 
a a 

a. 2 ; 
i- o • 

i > t-      —      — 
• < o c —      — 

QC 

I- 3 ( 
<  -I 

• — O 
> r 

I UJ 3 
i a. 3 

C 

O         O — <3 
Q   O CJ          UJ   Uu                   CO 
_J Z 2 UJ C D   II    II 

IIO— —    I    3 2 2                II 
> I    >- Z — — JJQ        Z 
<   i « <r —      k- _j _i uj a 
Q        — 01-IIZ0033 

*  11—2         C >- Q _l I- O 
<U_ — 3 U.3-3l_J<2<LUZ 
O — — Q ~5 — l_)              O — > JC LU 

—        r\j 

O O O O U UJ 

f** *$• uPi^^-co — 0umv3-uri*or^co0,0 
OO OOOO— — — — — —— — — — r\J 
OO OOCOOCOOOOOOOOO 
OO ooooooooooooooo 

ZZ ZZZZZ2ZZ2ZZZZZZ 
t/1 l/> (jOUOu/i-uOununuOU/jLOi/JuOuOu/luOUO 

78 



»cro-aC'acccvo-ccccccoccc^-^^Hf--^^-'-^^-^iNj<Mr\(\.' 
"cccccccccccc-coccocccc-cccccccccocc 

C <-« M rr 
o- &• o 

a 

c 
(J 
ec 

3 
D 

Z O                     ocrir  mOOW     •    •    •    •  
O —I •     •     •     •     •     "     • CC  — OOC  —'OOCOCcOi-'--'  — <\( 
tm — v^^COOOCO                            t           III)                                                I 
t- •- ^ ^ -* I   I   I   I               »»»»**#.•.»»•.»•.**»*•. 
O OOO*    ••••••'••*••••'••••••  
^ UJ   •   • —•   •   •   •   •   •   •   •O'O'OO'p'iT'ff'T'CrO'O'f^^u^if^ir 

0. »   • O O                                   —• ~- ~ —. — ~* ^ ** —.__.__.__«-. «-.«*.— 

to o** — — ^ —' — — *- — — — *-,^-«- — —•—* — — — — — ——— — w — — 
^.MtMr^k-k-k-k-k-k-l 

UJ r>       H- 
5 < C       UJ < t- t*      a ^ < CD        CO 

O 3        ^ 
1 LO 

*         z 
<j < at a 
a t- n a: z 

o J<JI 
(CO <o 

k- > o 

t-   (-   k    U.   U     L.   LL    U'   L.    a.    L.   LI.'   UJ   L   U    ^'   u.    II    U.    II    L.    U.    J,   x   'X    Li.    I.,   u. 
ouoiaKofXffaaaacifaaaaQio'aatfaLtQfctK 
ujiuujoaooC'nocaoccoooGcccnococc 
aaaffiaDcOffiiEfflfflfficDajcocGcccc^CBccffltccoiCcDiEs 
COO »»»«.»»»»»»»»*««.»*ft*CB 
(CCCCC     ••    ••    ••    ••    ••    •.—  — -. — .-*.— -»-*—.—.—..-»-* — .-..-.«— — .-*<%, 

— >->->>->->>->>->->->->->->>>->->->-V>>-V>UJ 
>>><<<<<<i*a<i<<i<<<<<<<i<i<<<<<i<j<c; 
<<<OOQOOCOCOOOOoQOODOOOQOCraC:^ 
OQC^CD^^fifflfflfflfl^COillCCijOtDCDcDCiIJCOl'CCClliECCCC-- 
CD CD CO 

<<<k-k-k-k-k- k-k-k-k-k-k-k-k-h-k-k-k-k-k-k-k-t-k-k-l—  h- Q 
h-h-'-<<<<<<'<«I<<<I<l<I<<<<<<I<I<:I<I<<<<Z 
<<<QQOOOOQOQQQOOOQC»CQOCCC-OCOQUJ 
O Q C 

a. 
c 

o 
o 

r0^irv^r^cC(?,0^fvjf^^^<3f^ajasO^^PvJrn^"'jn'Oh-coa,C--f\lf^ 
OOOOOOCHp•f-l-^HH-HH^M(M<^Ml\(^Jf^J^sJC\JMl,<,p, mf~ 
ooooooooooooooooooooooooooooooo 
ooooooooooooooooooooocooooooooo 
ZZZZZZZZZTTZZ^^ZZZZZZ^ZZZZZ^^^^^ 

79 



to      c 
•c       - 

rv (V Po f\ (M ru n"p"i m rr, p-i t*-, rr, tr- tc, rr\ 

cooooecoeooocceo CCOCCC'OOOCC 

pi *t ir. >0 r- ec 0* c ~* P* P- <t- u- »r r- a. a c • *-i P* 

oo     ccccc-ccccccoccccc 

< 
c 

o 
u. 
1 

a 

3 
o 

I 
I 

•JJ 
I 

a 

I- < 
z a: 
UJ u: 
a- o 
u- a 
u. a 
u. 
— Z 
C — 

«I 
UJ I 
of 
< z 

1/1 ^ 
r i/i 
< r 
a: «" 
< a 
0- « 
v o. 
z ^ 
o z 
i- o 
1- X 
O X 
o o 

ac or 
t- i 
z a 

E: Z 
o => 
i/l O 

VI 
i/ n 
< z      P- 
x u. 3 — 

C < (X .c 
X  —)  <  ~ 

X  _| <t ~ 
a 
-i 

i- « 
i/> _i 
z a; 
o o .» 
o — u- — 

I      o 
»-     a 
»—       o Pi 

l_> — 
li_ < 
^V l/) 
UJ 
Q. •" 
• t\. 

Z _l < "- 
a: < 
Z i/l 

—        CC  -- 

1- < 
!3   QL 

X     * ( 
» z : 

1/ C  • 

X  •— 

z < 
. -. I/) > 

e a 
x   - 

C        <_) 
a:     •- 

> i/> 
< u. 
Z u. 

o 
z 
z • 
O P. 
O 03 

X 
c 
rp a: 

ou < 
x   • or 
M   pj   U_ 
_l O 3 
X    * UJ »»* 
V ~i Z u_ 
UU ^ h 
> ^ —i i/i 
O z i-o a 
Q<UJD 
*v X ^ 1/1 
Z ^ Z ^ 
o z o z 
x o x o 
X X  X X 
a x a T- 
o o o c 

1_> 1_> 

»- pg   * 

I   <I      ••  U! 
: a ~* i/i 
i a < u. 

•- u 
i/> » c 
•• pg    • 

CL   _J  >* 

a x _i 
UJ Q. - 
> UJ < 
<I t/1 

C 3 t/1 
hUJU 
r; z <i 
o      y~ 

x >- o 
o z < 
z — a 
3 m — 
a. Q. _j 

<  Z   3 
o <i a. 
-aw 
CO. J 
o i- u- 
_j i/) 

i/i c > 
Z •• 1 
C or i 
O O I 

, _j — o 
: a. < < 
i   » t/i i— 

x < 
=3 - 
Z* C 

Z 
^. UJ 
1/)  I— 

aj X 
3C - 
<   L_ 

a z < 
z <j a 
- a — 
J T _J 
- a u. 

CL UJ - 
•a - 3 
UJ x a 
z o- — 

! "1 !_• Z 

•   •• p-j ae 
3 o — 
3C •- » 

—. _ r\ 
a cr -vi —. -o Ml ^ — Li_ 

O^J <_i_ -> 
w> ~> X _ X fc 
LL *. mm > — —4 

X 0 —< « ~< ~, _ —  • I-SJ X 
«o r- N ^-< 

rn •_• _ »— !— L rv — u > X »«*. > X •—• >— X » U. 

u - — > > — -J X 

X <3 -^ 
*• I! ^J •" 

— o h« 
-c t* — — — LL 

•—1 a > 
rv > X 

t— X » — 
u m — •o -^ > — •J- —1 ^T 

X O -^ ^* — 
c^ — — ^ c 

<r IT> <r r^- oc 
r*^ 

fs. • Lv > a 
—i LL. > X > — > X X 

X X •• *• » > 
X — «t ~ O - sT —« X -^ 
cc ~- —1 o (N — *t •sf •c X ~ p- — +— _ — ~ LL LL u. 
r»« U. > > > 
u. > X X X 

.—I > X * • » <, — X 

- >D — •a ^ * — 
>0    • ^ •c, —j — —• X 
—t o d r— ^-• — — •—• 
— —i kM — cr —• —• •— ^ _ 1/1 -*"> r<" -O c "•0 

^- cc <=: f" — ~ — a: 
U.   H- u- ~ U LL LL •— 
> a. 2" a. > > > u. > — > X X X > 
•• a X - - X 

r*. rv — •* *c ^- j- 

a 
-^   fM   n   N*" ^- r\j rO ^r   in 

> (\ %* f1 (*"' IX 
x — r<" •- •- >   - 
— u. — u u.      — 

> u_ > >   » ~* -   - > - * — — 
— —     » — —  ^  M 

• N — -j- «c r^ u. 
(-i  M N fl C"  M  > 
« <— r«* <— >— U.  X 
— LL   — LL LL   >  — 
~  >  LL > >   X 
LL   X   > X X   w     » 
> w  x — — 

LL  — — r^ — f^ — 
> r\, r<- •— .-o ~ LL 

X  •— — U_ — LL > 
— LL LL > L. > 

^    -4 -. — r^  
IX.   *- — f^. _ -H W 
_J   — — ."^ LT 1^ -4" 
<* r\' n~ —• f *— •- 
> — ~ LL — LL J. 
— U. LL > U. > > 
_} > > x > x x 
r» x x *- > — — 

H M*1, -r ^ ^ 

o o u u u u u (_J '_> 

c 
o 
c 

LO 

LT\ so r* co a 
o o o o o 
o o o o o 
o o o o o 

Z Z Z 3 2 

80 



^fw^r-r-r-r^oroLorcc  a a «c « cc CL o Q  o 0" o a 0 a o c c c c c c c c c e c — —.,-.-.,-<-- — _ — — rv rv 

ccccrcorooc  coccereooccc ccccccc-cocor-ccccc Ccoccoooc c 

r r 3 u "N, <I . 
C T e C. lA 3. o p. •»» 
Lil t > <: r* C z *- LU — *v 

l/l z or a ?. z OO z <T 3 K- •-- — 
-i 

•*v • 
-5 
l/> 

(/> n _l J a — J Q 
LO X i > L/l »— L5 <r 3 -J n 

Z —i C3 > 7 *^ -O •-4 i J ? i/i a LU X 
*m 

V '    ) 
3* V- 

-J J LL 
< 

re •j- 

JJ 

O < P- p- T 

<T <T _l M -y CC u U. 1.1 5" fV < UJ h- UO —i n 
1- Q < M <T < UJ Q. 1 y LU o X < N, —. 
UU Li ^, ;

JJ LU a. LU t/1 ili T ( 1 LL m J"\ ie\ 3 LU . V 
T nc II o ;* z or 1— T a LJ U. .* •* T —. -v nf 0£ ~ t— uu QC r^ — — —. UJ l/l >• o. UJ _J Of r- s. LU I— h- - LU o — C a LL Kl rv L- _. -J c CO LL b- C r1 — —< X — — > u. 

r\j » ^C ^- LJ > > <r LL _J c r r- J* rr p— LU 
•• i/-* L^- LU k LL C c Q cr c > cr i/» •—• > • u — o — 3" » » .—> LL UU Z EX r OC LL' LL Li. LL a H- < «- N K U C rr LL «3 —- tart LL. UJ UJ LV: h- K »~ ^- 1- »— Z P: U". c C •— c LJ nr C   — Mta —. — ^C or or a II T LT O LJ u u u t- u _J < • • _J —. LL c. > 

p— c —• "— MM O ts C3 3! o LL u LU UJ LL o LL <y h- o ITi cr p- —J c o X rx 
cr —. pr CM LL U, LIJ LL —i — CC a an cr Ct ai DC U", < PH t_j P«I UJ z c K- LL z LL •s * * » • > e Q — — c a or cr CC or ry a >~ z ^1 1 i 1— cr H- UJ _ 3 LU C — 
^H r-< — ~- • Of. — z O C C c C or cr Lrt c r — a <I h- p— rv 

z -z. LU Z a u o u LJ U r o —J u oo II n h- or O l/l LU cr t/: t— LL> 
C1 r*l <: OC — p~ NM > LL- LL- LJ ~ cc X h 2? z X < c UJ 

c I h- —< o^ m •* LT o CP <r C tVj r\.' (J c u z H- 7^ -~ P>H h- < 3T 
LL LL a U- f\! <T F T — N- »•< rv fV' T — a t/l fl *— y r>- LU > > > > JD p~ <i a. o II II ii n II II II II II M y y • LL' 1- -J i- X I 5 JS < LL X » • •• » — LL _i > a LL < < C I u •c 

— <:  1 > LJ —- — —- —• LL I X LL ^ X (^ r*" m r<- )*> r<~ r- f<l r^ f" —> _j ^ i— i— >— Z r c r? X <I W^ —• —< t—i —< > p— a •- *J LL — X X LA c c UJ c LU V, tart — — — X ft » X X u- I z c — x CL a. e C LT - _J 

X C c r^ tart u ul u c LO Q • 1? P— — _. l^ X a a a 2 Z — — 
|«1 ^ o cr •> UJ LU — LL) LL. M z 2" 2* a — -- P. —i a — *s. M _J <^: 
p— m •— •—i LO LU KTi ^ O 1/) z <r <r * z 3: L5 v o U >—• _j - fc— t— — ir 
LL • LL. LL s. or >- 2T < ID h- a O _ «a CD H- ar: UL _J LL ^~ r- •- <I > > > > X o < UJ or. D — •C O c c rr. CL LL c G l/l cc 
X X X X k LL c UJ UJ l/l a i— 1 1 K >- u U_ CJ Jj O Li. LO l/l _f 

-J 
< 

— *" — —• 
z 

a 
or. 13 

> 
•c 

-" i~ LJ 
LL 

LL, 

C' 
3 
LJ 

re 
fV! o 

uu 
a 

LL 
a 

u- 
o 

•~ l/i " a. a 
LU 

- 
» •> — » —» HH z < LJ 5 Or- ~4 c y~ -J < •— a G LJ J_ __ -J i X ic: u- 

KM _J u_ C -J rr OC N LU 3 — t~ •j — — z l/l MM _j — tr X LJ —> — -H *— J- — x D C •— < I O • > LJ U <r LL _j _i 3 X" <: — < rn -• < X 
r-- t> - —. m ro c ?• CO LJ u u — —' a 0" uo LL LL a uo < l/l »_ -^ u- c 

•• p. mt » PH *• ft <3 h- (/l -z 1 1 _• LU — l/l I/-. t/l x I o 
—1 -H — —. — —i y _J Z 1/5 V •C Z) z II II LL a CC — to l/l uu H X X •tf- r^ X — 
w — >0 — cc •— s^ X «—i <T <-r ^sJ a ~ rv IN' a *- _J H — rjr <T LT X -^ J <* ^f f\l 7 
m r*i — cr — X k LU a l/l ^» fM • r —I ~ _J >^ r. «*" r*i rr r- \ \ _, 'O 

z V a - •> ~> —> z LL c < •—• •J _j O • O' '— •fi — —. — CM 
LL LL > LL > LL MB < LJ 3 LL r* »4 Lfl X X UO uo <: •— — k- P-I O - ^ * — - N, > > > n > o or LU • _J •• •• t/1 < 'J 1 LL \ * V • •v 

*• •• • — •> o LU a II II G — rg •—1 P\* l/l UO sc *s V, \ r\, — » LU :i L- 3 OC or ^^ UJ a. LU d f\J i— f*" h- r- rv *c 
cr UJ ^ i/i LL — <M h- n ii II II M » •> - p— < _• cc T K X — — < ^-, 

p- — tart tap- c w UJ Q. UJ < CC kM taM z P^ rv r*" LJ rs cc —. a- •t PH CO rn i— UJ z c «^ •* IT if> 11 < < _ LL x LL > > j, > *- r^ o CO • X Z Wl on 3E n z z L_: — —. ^~ — II II n II or: < M > > > > X X ^* V 
o~> •—• •—1 — LL •— LL Li- M -.-- uu LL. 4 H OC X X X X X 

•— LL LC a. > LL Lb E X I i" LL •X. u. J- o X cc X I < < < < < 
IX > > > X > U1 cc Q < ?: s HI LJ Q > < < < < — •— < y- 

> x X x tart X — o ir -l :> 1— "— •— h— <r < r~ < 
X — — •_• — OJ U- X <r •C u_ — LL <I < < <z Q O < r — •• - • or o i— ^ <-" — •— " c CJ Q c C 
MOCINHI^ 

LJLJ<LJtLJ*OOOOUOLjOOLJOL.>OLJOLJOULJILJOLjLJ O   U   LJ 

^P-O^XCTCJ—•• rv 
P— —4^-*—<r-irsjrvrv 
ocooocco 
CCOOCCOO 

zzza:zz^z 
L/lt/li/ll/l^t/ll/ll/l 

81 



k  f^«^»^«^f^.^fv.f-^*^K.^  f*.  k  h... *.  la^K-b^h^  h.  ts_ »_  f^  ^  *.P_*^P.p^f>w. h.P-h.P-h_ 

. <i i- * u- u ^ ^ r' N u^wr— 0C<rC'p-'fXfr.*lf'./~:r"-Cf'O'C_ •«• 

occooooooooococcocoocoocccccccccccccccocceccc cc c or 

# » 
o c 

c tn 

i i 

lr a' 

< O 
(.3 7 

ra 

— --      --      < 

1 i a <i 
LU UJ < P- 

a 49 -j o« 
o ^ o z 
r- a. on o • • u 

X X 
h-      r- 

o —     — 

LU 
or: 

3~ -•V z *v ^ 
c » — < —- .- 
cr z z o c a 
Z c o "S, U     Li. 
-c |M M » — on co 
or p- h- *s Z Z 3   X> 

•s u U —. C O •> —. UJ LL > w P* •v. t/> I/) 
Z z of K _J t- t— —- u u 
a D a or •- u u z *v 1— •— 

NK — C C O UJ UJ c — Z" 2" 
t- t- LJ u u_ a a Pri t- c o 
LJ u LL. a a t- 3 S» 3"  T 
u_ Uj Z z or a O u Q — C£  CC 
Of Of • c LL' u u LLJ p- f- <  < 
a or P* — a Of X 3 X X 
c C k— I— z z Of a a 
U o u u o 3 o c t- a a 

2 z- LL i/i 1/1 u X X U_  UJ 
a or 3 3 H- u c rx o 
c c LL LL u Of Of z z a of 
i/i tn LL' < <r X1 3 X c o 
z Z a, CL a UJ LL 00 a u 
LU UJ LL. LU at z Z z o a 
O^) I/] h— •— a _ _. o a 3 or e 

on l/J u -J —i z z CL n^ rsj 
7 z 
3 3 X X X X I I X X X  X 
on 1/] •0 iT\ c IT N X 5 m iTi  u*\ 

IP CM c\j LO N 1-4 —i —. c\j r\i 
X I 
HI r^ X X X X X X X X X   X 
IT rsj PH o LO cr "- r^ —i cc o o — ~_ 43 r<- rsj LT N f\J (Ni •H m r*\ 

O rsj —. 
*0 -J" -t o cr an      r^ 

M    •—l ""^ — "v. «P4 rr\ r^       (•«•( 

u_ u. -.  LL   — m ~ IM    N,    K > > > ^- u. LL  —• U. 
V  X ir xir > > > on > 

"T         *t X   X X   LL,'  X 
<I < h-  <  P^ UJ 
•- k- ~- t—  ^-< < < <   Of  <I < < o <i e •— t- t- O i— 
Q  O • a   • < <I <  UJ  < 

a a o a c 

•OujiTi^*rO'«vfsj^^fs;-^r\i-^ 

U.CU.U.LLUjU.U.LLO.U.a. 
>LU>>>LU>>>>>> 
xOxxxarxxxxxx 
<ir><<i<Lij<<<<<<: 
k-  »l-t- l-Qi-k-l— t-|_l- <|<<<   <<<<<< 
Q-vOOQiTiQOOOQQ 

N 0 • 
r 3 urn) 

ii  y •— LL. — — p 

C _j > II 
Z  X 
UJ X .—. 
»- X a X 

cr •• 
X X I 

sj-  UJ 

O   ll 
o     o —'      z 

»- z a 
It    CO -£ LJ ^ — 
x a —. Q x -* 
*I o >r >~ V a • 
_J • X rr p r> 
x x LO LJ X ^-i 

cr ^~ ^ Ifl UJ 
X   » LU UJ > * - 
r- LT CL LJ U rr II 

QC •>  •. n LL' •> d 
o p LL u II X 

• rr 3 
ir>  II 1 : > — 
P- 5: z LL _: _J 

U-   3 II -i X 
a. ^ 7" I •—' — r r- r- T T 
- X X —i «-4 <c cr 

-c X — •* — — 

• rvj CL       —• ^ 

(\t       -^ cr' 

3"   S < 

ro rn rn L/i 
P- p- •  3 

II II     II    C LU 
— — ^   -JD   LL ? 
U\ _t •—  M   i/> •— 

— X T  I  X- I- 
*. P<> rn (Ti _-; 

— » LU C 
ii x ?a 
> Lf> P- 
< - t- LL 
a CM 3 o 
— • O of 

p o a c 
X -- LL 
IT LL. LL, 
- *• O _J 

IT II or <z 
— c z- 

» LL LL •— 
• P- * O 
II <? X    ^ — 

•:t l og uj JC 

>- "N 2" O 

LU ("3 
T   rV 
L^    Q. 

t-   X 
(/•   p- 

<   Z" 

u- on O 
i^  •—• Q. 
p-.  X 

z: ic p- 
— o <r 

a  C a 

C  LL 
1/!   J   I 
I- 3 •- 

<I O P- 
p-      z: 
on LU < 
2   3   3 
C 

<I   LL <J  3 <   X 

X  of  X 
<t <D O 

<<<T<<f\i<<< 
3"5-3-S5-     »>-T:^ 
•c Q.' a ct "rr o of or ijr 
003CC — COO 

si ar 
cr: D' 
O O 

r-       c       — cr c- f\j fi 'i" 
f^i  ^   -T   -J   -J- 

'JTi O ~* • 
-J"   JH  ^ 

cr   c 

ULIOOO 

f\i r\j 
O O 
O O 

•0 P- X 
(\J f\j Ps, 
o c o 
o c c 
z z. z 
on on oo 

r> o 
(\. m 
O O 
o o 
z z: 
oo on 

•H r\j rn 
m m m 
o o o 
o o c 
z z z 
iy) on on 

m nn m rn po m 
o o o o o o 
o o o o o o 
z z z z z z 
on on on oo on on 

c-. ^ ir. ,o r- 
>t -j- <r -J- vj- 
c o c o o 
c o o o o 
2 Z Z Z Z 
on ^ on on on 

D C C ^ f*J 
•t <T in ^ ipi 
o o o c o 
c o o o o 
z z z z z 
^o on on -0 on 

LO   LP 
o o 

82 



(v.ni.tf-irNOr^coac.-jfv.'rr^ir. *or- 
r"-r-r^r*-r-r,-Kr,-cc>cocGaccGOtcccc 

ccococcocccococ^ 

ocac^-'fv«,-*ir*cr-or0-c*-'*vfr'4-ir*cr^ 
ctcco-caoccro-CToococcccc-c 
f- r- r- r^- N h- r^r-r-r-r-r-cccrcc cc, cc <r a or 
c cc. cc occcoocccccoocc 

—. r.  m *t if, ^) h- 

ct   or cc ct a  or cc 
o c c c  o c c 

C 
o 

CL   C 

LJJ 

iu ?• 
a 3 O 
LL' or •- .' 
C   1- t- 1 
Of     • 0 c 
O          UJ C 1 

II 1 
cr      c fc— 
z- 1 0 ~ 
000 u 
0 2 
lUDO I. 
ui a 21 ^' 

c 

c. 
z < 

o 
o 
in 

I 

o o 
c e 
o o c c 

^OOOOU^OOOO^        —1 

r\j o —*   •   •   •   •   •  11   no  (I 
•*•   •   •c-j-ooc 

I 
ii   it   11   11   11   it   11   ti 

C O 
o     o 

c c c c o •   • 
coo • a o r- 

I    • x o   • o o 
c —1 r- c m r\. 

n n   11 

3 2 h- H 

: < < o o o 

1- x. 
o <r       <r •*•      LU 
U J Z O   11 on 
ar cy 3 X > T u_ 
OCli-Ou. J 

,U_u_~ — Z Z O C 

II 11    11    II 

a co 
' — < »- 
, O >— _J —I 
•   X X   X  X 

o o 

c 
x 00 

z 
o 

C t rt ^ H< M H fft N . 

_ 11    11    II    II    II    II    tl    ||    II 

Z Q£    •—1   f\g   (^   <t   (O    i   h-   I 
•~ Q.M„HNHh,Hl 

—• ^ —< f\i 

F-I (sj rn ^ m 

<_)OOUOOOOOOOl_)OOl_> 

ir\<if-coO'0-'(Nff,^iri>Ofwao^Or-ifNii^sj,if\vor- 

00000000000000000000000 
oooooooooocoooooooooooo 
zzzzzzzzzzzzzzzzzzzzzzz 

cocro—*rNjrn^LTi 
r-r^-cr. co x e cc co 
00000000 
oooco^00 

83 



aaccaoccoocDttcccctttt 
c eoocccoccccco 

m^r-occ c.-rvri'j-irf'-a'C 
acccra.cca.accoDoc(roceccc 
cccccoecccccco 

ffccffttccececttffccoDttCCttCCeecctacc 
ccccoccccccececococc 

T 
C 

a 
3 

C 
c z 

c 

c 

O  I-   t- _J 

Ci^C        <- 

CL. =) 

> -   ~-,       — 

< < < 
U.  U-  U- 

<I < < 
U. Ll_  u. a. u. i 

M     II     II    <    II 

>  7- ?" K   Z    II   t- 
: I < C < <. zc o 
: Q a < 3u i u. n 
j*-xxo-a.i?z~*a 
[U^UJ  J   J-». _i  2  0- 

a 3 <   ii   <r 
— •l » 
< —. i i- o x       aj 

K  l_ *— —- c a LL . 
If- 1/1 l/! (\j —i > c I/" ,— 
^f 2: «ET m o < a. <. _j 
3 C x V *— _J x t 

l_> o LJ *- VI X 2 a 
i/i a 

— 
5 ^ <? Z 3 

tl    H II a C! II Z («, II ^ — 
II X U u_ ^ < *r LU ~ 
<r y <r X 

—• r\. m O C _j o 

3  •- «-> —. a — 
Q   — -- —• 

LL. »— 
_L,  • •   ' — 
X  • «oc Li 
h- ^   LU   K 4 

(_       •   ,JJ X 
-i. •*            l/" Lt" ^. X   fNj > — a — _J <s 

uuu       uooo       LJUOO 

K cc cc c ? cr o a CT a'trcr^cccooooo 
GOOOCOOOCOOOOO^ — ^--<I-H^^ 
OOOOOOOOOOCJOOOCOCCOCO 

zzzzzzzzzzzzzzzzzzzzz 
i/ii/)i/iiy)i/i(/)Wi/ii/iifli/5i/iLonuii/'i/)^)i/>i/)'/i 

c o o o o c c 

a- o <M 

o o o 

z z z 

84 



aOLoc<DODOCocODccoOcroctrccttccoCff   ~ 
Occoococccrocc~c 

c 

o c c 
aaccrcrc ccccccccoc—»-»-^— — *-^- 

(rcffocrcafooo a a a o 
ooooccooeceeccr 

a a - 
a.acccccr. eccca 
ccccccccce 

u 
X 

Z 
"5 

X  U- IT 
r u. — 
— C c 
-I   » z   • 
x o: u* 
» t^ »- "-• 

C Z - 
r o r   • 
~ _j < f^ 

ii   ii 

,  M «   —     ||    fO   _   ~ 

II    II   m - tf\ -o 
II   II   II 

'O r^  ll   II f^i r" 

, — ec 
> X I 
i a. a 
I UJ UJ 

<£ ~ *I <I <J> -i 

a. a z z cf < 

cvj rr —. —      z — 
-J -J >*• •* ~ < -J 
~-j -in. a£< 
<<M wojai/i 
iSl i/> < < I— *- (J 
- -I/) lrtlOI/l< 

B. 
3 

—   . » o 

(->>!- 
~ J* <- 
—< >- <M 
ir •* < ir\   II 

tx. t-      a 

• u. _j — — 

I— I/? _J fM 
i/i i/i a »— 
z «c » 
c i -  • 
(j X X — 

T    * UJ 
3 a. » » 
Z on < UJ 

-< O O < 
en x <v c 

o 
D 

D 

X   X  t-  —' 

xaiui   * 

-* f\j ro .3- 

—      r> -i o <r x < 

3 
. — -t i 

sO "O vO >0        I—        P- ^ 

UJ  OJ 

• a CC         K   1-  t~   1— 
CJ 0- =0        3 3  1^ 3 
~ 0- CO      • c o o 
QC    » * u_ 1- t~ t- *- 
U. f- 0- ^-  3 — — — — 
JI — -Zaftf Kot 
UJ  UJ O UJ — 

•"-HMliU. 
a •: a <t < < < 
C5  3 O O O LJ O 

(Nf\jrgmrrii,nmf^>j,^4,'t'tir\irin 

oooooooooooooooo 
ZZZZZZZZZZZZZZZZ 

S  X o -^ M 
;ri Xi ^ J;  O 

o o o o c 
Z Z Z Z Z 
1/1W  10 i/l  i/l 

rn <* iri o 
,0  -O   .0 vC 

C* O — rsj rn -t 
-o r- r- r- r-- r- 

o c o o o c 
z z z z z z 
t/5 t/l -fl or: t/> t/i 

m r-      oc a* o ^ (NJ p^, »t 
Sh r-  f--  CO  00  00   CO CO 

o o     oocoooo 
z z 
co oo 

z z z z z z z 
I/} l/l t/> l/l 1/1 l/l l/l 

85 



^-(\.(\jrvifvj(\j(Mf\.fVifv.*M(*>(,rifr, fnrf*rn 

ccoccoocooccecoco 

"O S (T 0" C --^ 
('i rr P rr 4 ^ »J 
C 0s O1 o- O1 o fl- 
ee o e o c o 

z 

t- or 

o ~ — 
u_ LL 

II  > 1— 
w ro — 

•0 - a 
—' h- —  3 — * a 
— o _J f^ — 
* k- —- *• X 
—t >— *H >o O 
•— or I — Z < IT UJ 3 
to _j IP« K- a 
— _J 

<r LL or u. 
Li.  O — 3 — 

*t »    *         LT» 

— r- <r z — -< 
U «M^U O   O 

k-   t- LL   LL    -^    t—     M     II     II 
3— > > — *- veer 
O c —- —       C£ -G *-* *•" 
— 3 k-       — i — 
O D k- C — — 
•d- ~      on IT  r<- •# 
» r LL t— c   -x^-   •   • 

-0 O  D *- k-   -CO-JOO 

IUDH QT          Z>  <     •     •  Cf          —   >-          Z 
•— a. i— _i      LL- o. i/i ^ c 3      O_<J      or 

or u- C <' _I —• — — UJ             a?        h- 
3>-OL;<(XU.LLiLLy.       a. O       UJ I 

OS — — —«— — U. ft 

rY .~ •: r- 

c — r\, 
1 u. 

i ) 'NJ 
2 — 

^ ~Z Z 
.0 LO iy 

rj-c7,crcvcr^rcooc|0      o —<      —« -H 
^^H — — —(—i r\, r\j r\j r\j <\J        r\j r\j       r\j r\j 
oooocococoo      OO      CO 

86 



a.       C 

c occcccoocccc 

or 

r 

z a 
ii     — _ 1/1 

a 

3 . 
C  • 

Z        — 

— -i z i: ,  
-< —   -x — x — 
-X(M    I     X     I    * 
x       II  —      x x u_ 

II   ~ •—   II   *J        3 
II —        I   IIZZ 

x o x z x      H- a 
z<-< — •— — xt-3 
-. i s:      < z t- o 
XXOU-XU-SIOUJZ 
x       o —       HXUCLH 

—I      rn o 

Hi 

a 

OOOOOOOO-4-H — —1~« 
ooooooooooooo 
OOOOOOOOOOOOO 

ZZZZZZZZZZZZZ 
i/]Wi/)i/)t/ivivn/)i/itf)yii/)v) 



h 
o 
c 

•& K tr c c 
If   IT  if IT- >C 
o  c c o  a 
c c c o c 

<f CT C »- M^. 
<c X- r- r*- r* r- 
o cr 0" c- 0  c 
o c c c c- c 

or 0- o —       ^stir«r^a 

c c a o c o 
c c c c c r 

c   a   a   a  a 
a c- 
C C 

OL a c o o 
c o o tr c 
c r c c c 

a u.k 
uuz 
n T iu 

UJ   C£ 

-J at u_ 
—   OJ   LU 
~* LO .-. 

UJ   UJ 
oTiu 

UJ U_ 
LO O 

— z T <• 13 u 
c a t5 _j JJ LO _J o 
1/] L) -i Q u. < on •" » u •H "— X) cr- 
r7 IT • -J Z o -J c> u. 
in o z <T HP4 1 U LL' 

it — QC l_ (J Z o c a o - -J 
h- z a « <r tr> cr X Cf o 5 o f^ •— 
2* G LL on -J > _J UJ rv Lt a o LT — o in 1 X 
u U •— _J «TT M m« n" h- ffl _! f- :« 
LU *• < t— *— Z tt h- >f X 2" c X O ex < 
Z Q a 3 p » » ** a < c h- c K- c —" x U- ar m z LU H c* OJ o X h- Z w- u 
_J LU t- LU UJ — z- z: ^, —* a -^ h- o <r CT rn 
*• H < >— X h- o <t < LO LL; o o X o O II z 

C X -1 X x o -j X) (Ni X 3 a: o — ,__ L: «« —. — o 
o m 3 < —. •> » O CT -5 i— LU — — -~ <~ —1 c 
II C U LU 1 r«u ^ X m (Nl l~ — o ifl — c z «o 

h» X -i -J < 1 < -> X m LU O < o D LO Q O 1— UJ 
CL >—• < cr + o 3: - *- LO z- e LU Q • LU a. • U- UJ c 
c -J u < < •> —. G (Nl •—• -4- —-. cr • CM tal • IN oO cc h" » X •— t X O • -5 3E f*. z ~ t9 * + ^t 1 
Z — _J ex i o m • ^^ 2* a a + C LO i CJ UJ c 
1—• a —1 <r < =0 u -J 1-0 • cc cc u_ X LO O X tal X • > o < o t—1 > Qd — — •. -5 ^ 3 K <— •—> X ta- > _. o <• 

X U- 

LU 

1 

LU X 

o 
00 U UJ > a 

31 a 

cr 
UJ 

a: 
X Q 

_i 
X a. _j 

X 

-J 
X 

EL 
X 
UJ 

_j 
X 

_J 
X z 

X 

LLI 
—> 

II z i t- < —J Z> _i < X 0 — LH > _J LU LU — • H —I • ^_ c • 

UJ + < u o U UJ LU a O > > < — 19 t~ • LU x * u_ w o m 
Z UJ x Z < LU (J •s. V *s e t- X < < + Z —. • X LU o UJ _J UJ u_ r^ UJ u < z < c 1 Qt Z _) o Ml X LU «« ^ 3 s 3t o • h- •J • a t—1 • • :* # 
Z _ tx —1 < 2 < LU •s t— t- ^H • » -* X a. o 1— • a o z • Q. C HI U^ 0! 

h- O O + h- o z -v 3 II X • e t— —r ~i 3 -? X (Nl z o a X r- tal O a. X 1- z LLI 1 Z 
1 D a UJ •—• |M -V z: — O tal 11 o z _j o II — LO 3 UJ _ a X LU O Q X UJ •_* UJ II LU i^ n 

a <X X Lfl L_> LO ;z c z a CL + — LU C • • ~5 t- II Ml 1- a a * UJ •- c 0. c U-1 t- O LO z >>i 
LO ae Q. z — Z 3 i CE X >—• nm • u >— o X a H> X i- a —i -H »- X — • K X r— to •I —. n z 
z CC r a -J LU £ r < 3 u_ z Z z '1 2r II r-"> II x o U Ml l 1   x tai LO —I <-i  X Ml >. C L_ *-, Z   |l 
c 3 LO u —1 a. 3: Z o t- LO h- II Ml — z — X X UJ    II (N UJ u. o LO it II — u. o tal II II — LL D h- z UL —* a — LO •—• IM 19 x •— G u < X — t~ U- 3 LU 3 • 3 *— •—1 II LO -M 19 — cf tal   u. t—1 CJ I ae tai  LU MI L? a. — ^~ ~i o ^ 
h- X X LU •—• Q u o uo ^ X M u •—• LO Q LO X z z X tart t- tai > K- 
a 
D 

z 
JT 

z 

a: 

LL 
X 

ro CC 

LO 

X i- 
O 

<r 
o 
CM 

JJ 
1- 
X 

LU 

o 
at •— a o H < r^ 

o 
o 
o 

1U > 

m -I- in -c N oo^o-^m^*oNta^o^ 
OOOOO OO^HPH^^FH^MNN 
ooooo oooooooooooo 
ooooo ooooocoooooo 

U1 <A  1/1  ISI  <S) tfl(/)l/ll/ll/)l/llfl(/)tf)l/)U)W 

(\J ^4- lA >o r»- ON —< N n ^ >o cc cr o f\j f! >r 
(N (N CM fSJ fM (Nl cn r«i fr m m ro ^ -f -r >f -J 
O O ooooo ooooo ooooo 
O O o o o o o o o o o o ooooo 

z z s: z z z z z z z z z z z z z z 
(/I   LO LO   LO   LO   LO   LO LO   LO   LO   I/)   LO i/l irt i/l i/) wl 

88 



acc-aaac-cccccocecoccoecc-cccoooccocccccccccocccccoco 
ecco ccc — — — -H — «^ — „ — -<-< — — — — -<^-<-. — — — — — — ^.-« — — ^.-.-Jrt^^ — -.^ — — — — 

• z 
UJ n 
o — 
O UJ 

7- 

Q z t— —- C 
a. LU <r o a X z 
XJ > X • »— t- <r <: U" » t—• u V y rn 
c o 2 r. a c Q _. 
ui 

r. UJ 
3 

C L3 c. . 7. < ^ o M 
LL h- O — -^ h- r ^^ 1- 

1 
I 

UJ 
XI 

> < 
LU c ir _ 

X 
II 

—> c 
> 

. 
Ul -I T C o O —» r * ^> LL CN- 

z < UJ LL1 LU ^ —' —. Q 
c > • LD * • z • -5 — — • 
*—1 Z Z c L^ # .—J > LLI 
CD 1— n <r: "1 C o z 3 1 i_ z 
UJ < ^- X < < — n LLI ^ e * 
.¥ X o u —1 —i oo — z — 

3: UJ rr o fc_ l~ o m 
Q a c • • <T LU — 2- K "3 
LU UJ i^ Q c c CT- X 
L5 O LU <[ ^ e • o > LL 
z •— 7 <r <r • a DC o c ir> »— c <* u < o LU' • • CJ LU w- <r n C- 

X LU (/! C o u 2' o 5 u^ UJ D LU i_4 

u o 
o 

D 
LU 

c r\j 

O 
z- 
LLI 

~ ""' < 
• < c a: < QC T. 

CD 
LLJ «0 t— X C 00 ~ • • X LU D UJ — LA. 1- 
-5 

O 
I/) 
3 

h- o 
•c 

h- 
M o 

LL. 
LU LU C 

Q LT 

LJ 
o . (X < X < LL c 

LU t- ^ 2* C UJ a I/) • • • h- z LU 31 X CD > •—• C D o O h- O D oo •—1 2 LU a >— < a Q o t- — z _J — —* h- D :t • 3: *-. 
X o 

O 

Z < LU 
CC < O 

- n 
r\J UJ 

x 
o 

a 
o 

<r 
z 
o 

"3 « "3 JJ D 
O 

-5 

- 
Z 

o 
c ^J 

z 
rv, 

z • —i II *- II "3 3-1 Ql JJ — —1 — -^ • o c ^ < * • < O ^ cc • -5 *" < tu * C UJ 1/! r^ ^, 
1— —> "3 •* z L/l — LU r\.' S" LU 

D N 3: — • a • •—, o * « — LT- ^~ _i h- i X — LU * 
o .z: U • — Z o O LL _l • LU 3" 3T z o <t z -T y a z 

O o t G o O, c ll, ii_i — -a a u_ LO LU LU ^.: • z 3 H z *?- z —- z z 
II D —, f\j UJ • LJ — *-. —* • • n ~- •—< LL X Z Z Z3 O LU • c h>4 c z o LU C^ c z 

• o <J> or * • o * in c * o o -J •- • H a .—. M O LU 3 LL u o c o iT, X •3 u c LO —. o O o IX C ~ UJ a. o LL UJ »-. LU' — —. s: «— — •— • 3 C' — LU t L_^ — O _J — 1 o C *: o *c et JE * rv QC LU • 3C >— t/1 2T LU a X) i/] 1/1 to LU1 to •C t/1 rvj < LA> C\J 
w o O   II ii r\j 11 LLI II 00 II UJ to CD <—< 5? UJ ffj OC CC CC c L^ LU ct: u_ II II cr > CO II II 

h- II a ^ u 2* *>H D 2! f— z X) < < i/i <: <L <1 < a •c X < C < O 
Z   II II     LU Li.1 h- — IS •— "5 Z t- *~ c 3: ~3 — -> —i cc -> (•> a — i— CJ -J o <a O z LU Q h- LU ^- z LU •- 
3 Z > a II UJ •_• — z h- UJ —' — — D —> <r at *-• — — — z O — t— z > — »— — ^- > 
~D <M m < <r < o UJ 2: LL LL o C UJ z a. u_ LJ LL LL LL Q Lul LL Lt- LL LL <r LL UJ c < LU Q X LL X! < o 
o -J -3  -3 U _J o < 

UJ 

LLJ 

u 
cc 
c 
LL o 

o o or < 
LU 

O 
LL 
X 
u 

o 
r- 

t/) 

LU > < 
X 

IN; 

D 
2 < r- 

< 
z 

z 
LU 

< o 
LU 
3: 

o 

o 

u O —J 

a 
L^. 

LO 

u o o 

ifi <3 r- CO 0** O —•• 
xt ^ N*- -t -4- LO Lf\ 
o o o o o o o 
o o o o o o o 

r\j rA LO r- cc 
LO LO LO LO LO 

O O O O O 
O O O C O 

C7> O O. 
LO O -C 
o o c 
o o o 

CC  O (M sT 
vO N r- N 

o o o o 
c o o o 

cc a* o p-j 
r- r- x x 
o o o o 
o c c o 

p^ LO -O r* 
CC   X  CO  CO 
o o o o 

89 



c ccc ccccccc-coc 
CriMp'^iA-Ch   or 

cccccoccc cocccoooo 

O Lb ». K- X 3 
LL   Of. 

U a 
o O 

LU ^~ LU o Li_ l/l 

— cz L/: a 
r„ 2* —• _j 

-3 a o >~ <T 

#    LL' 3: o \r o _ —   > 3 * ~2 n i— 

-; <r o o —1 • M 

*   I (\l if 
.? c • LA.' V — 
LL   •— — a a LJ -- ^ 
z D LJ LJ LU ^* LJ 

_, 
LL 

—  rt •H- IT NJ • o LL 4t o If* X LL   if\ — CC C. c r^ .—i tr u o 1— >  C 
V*.  <T rv a .z rv 3 (V <: (\j 
X II T- z LL1 II n II ft* LJ 
<  <.* c < LJ D l/l a a.1 t    CD 
i—t  —i ."7 1— a o 1— LU /* L_ y- H II h- — "^ — _l z r* > LL Z 
LL  U- o a •x u_ 3 < <t T < o <S Z 3 —  ^ O 05 <c i—• o _ -*j o o o a o < X __ < u 

C JJ 2T — Z" 1*- i: o 
m  5 — CO — O — a- 

< 

- 
— O 

c 
3 

c 
UJ 
a 

3:      CM      < >-nv^z ^ 
— II || <T   +   -)  ~? — — 
3:      o      o x * i- 

z <-       t- z l|   II   II  z 
or* z w II z> 
d'Oc      aDOz      m *M ~* c 

~ r — 
o c 

^   IT. Of  O U_  O 
— u. c a: o 

(V CM 

Z- >- Q 
3UJZ 
c_> a: LU 

o o o o U 

f\;   ,J" in -c r- rr c- c -<   fNJ 
a- c cr 0" cr a* CT«  O o o 
o c o c o o O   -« —.  — 
o o o o o o o o c o 

z ^ 2' Z Z Z z. z if 2- 
LO   l/l J1   (/>   OO   L0 I/) I/) LO   l/l 

sj- m ^3 r- cc 
o o o o o 
O o o o o 

90 



r--KCCcccceccccccc<«ccccccrc o-C1 

oooooocooccccccc 
a a e 
o c c 

•a 
a 

lib 
a 

a 

o 
B 
o 
CD 

3 
C 

X 

=1 

X 
U 

3 
Z c 

H O a —I ^- 
2" z c <r * — 
U <r u- o a 
u. 7- M 

«• 3 
S' -o 1— o 
M o t- # -J 
—1 z t- _J "D <• » => <r c # ID 
o —. _. X u. t- h- 

c X CC x M * O 
II u z 0 h- CL <T 
k- •z a u- # — 
a 3 UJ UJ > 
c a •— -L. 2: * X » » — D _J oo — t~ I— r- 
2- H- CL CC a U- e * — 
V— => t— <f a: LU •_ X Q UJ 
-3 o T) fetf < c o o * O —. i- 

z •— O tf o a ^ > ,—. 1— 

ID <f » a 5 tt D — cr a- 
LO c > X >- > t- — :c 

II 1- <_> or * h- —- 
LU UJ i? h- >- h- 3 > 
7 LJJ LL1 X z> z 7: # z O — 
-C z i* i— a •~ JJ ll — l- Z :> ~- 
i^ •—> •— o * 0 *- c » LO 

t— H _J a CL CC taM •T. Q 
1 3 -i «r ?- # w* _ a 

O O o > \S\ 0.' > >- z u. < 
1/5 tt Q « ct O 3 * ^L' Q a k- •-J 

2 X cc o •— 3: 1— t_ 1- 5 — _ 
a _? 3 c Z < UJ «• z z •— a u_ 
M on t.o _J LU 0 a- LL. LU LJ JC ^- fc- # 
a 
c •<i 

of •tt 

u u u u c 

i- 
rj 
0 

no rfl ^ ip 
O 0 0 0 
C 0 0 0 
O 0 0 0 

z 2 ;? :? ^ i/i ^1 uo 

^ r- <r> o ^- -M 
c o r- Q — — 
o o c c c o 
O C C CJ c c 

91 



c 

I-      c 
•c IX 
o     c 

c c o o c c 
o o i-< -i -* — 

c 
c 

u 
UL 
Q 

D 
Z 

c 
U 

c 

o 
II c 
H z 
Q >— 
O X a 
Z Z z c 

c D Cl 
<T _J — •— o 
:r (^ (/> i/i • 

V) 

u U 
o 

II LU LiJ LU X 

LU z CL a" •• 

7 — CL & o 
<I h- 1—1 

z 3 ~ LU o z 
O -J -J z a 

1 ct CD ec •—« D 
03 3 3 o i- c 

i/l 3 a C II u. z 
z (/) o Cl X ct UJ 

c 

M m ^f u> vOS 
c o o o o o o o o o o o 
c o o o c o 

92 



<rm*nr~cccro^cof^^ir>o^cccc>^ror<*,*-irsf)r^crc-c-'r^fr-*ir>cr^a:'0-c~*'vf,~**i/>'£Ka-crc-«rv 

u 
u- 
o 
n 
z 

a 

••        *7 
1- O -. 

_l => _l — . 
lij I » *I 
3 _l » 
u. LU in   ••   - »- *— 
- i/i 

« z      I 
r s: UJ 3 • 
n —     xi- 
Z 2- 
X  —  m     k    » 

V)   *-   Q. 
• vi e 

•   » ~ 3" 
d  < (v 
X   _l <  ' 

I- Z X 
3 D r   - 
(_> VI D c    • 

U.  Z  X 

— C U. 

z a 
c »I 
V> X I 
Z I    ' 
UJ <X   I 
Jt — I 

•-      _J      V) 

x o ~   •• a: 
o * *-      < 

» vi      _j 
» •• z      ac 

t- c     a * 
vl o — u. ~ 
z • x   -   - 
O >-    - t- 
O V) c       o 

3; i" I      o 
» h-        a: t— 

* •• -*      cm 

o 

II <r x x (/> V •— m 
UJ H- UJ < >—i u _l _J s: 
7 UJ o LL X X _i < < u > a X T \ X _J cc ^ Z r: a f. ; CO < *— i— a h»J Q. 

1 •— T p— _l ii ^- ^ 
3 X U Ui < ^ Z 

oo a h- i— x U * t : a 
7 ae t— _i m u > X 
n 00 — D ~j 15 X 7 TL. — 3 a. 5 a a I o a 
K to < fc- a _J U u o 
a —• (M 

tr: C w 
C 

nr h- u D. 
c <_; r. 
i* Li. 

-5 V IX 
z D k- c ^ 
a or <? u 
m c UJ i~ 4 »— e WH i- ^~ UJ 2- i/1 i^ 

t/i X < c 3 IX 

o i— \— Q. c~ _j 
OL nr eft wi ^ —1 u IX < 3 
5" x < X >— — 
3 U' h- K iyi at r a. > ^ •—• UJ < <• > —. t~ d o IX. > a — •- UJ rr r- x h- t- 
a -c r- — O or iti — o 
o c a: tax i l/> a UJ 

u_ UJ 2! Q >— > t~ n. UJ X 
i —I X < P D < tart C or. X 
i O h- X r~ ^ ^ -<• tr. IX X 

<T 2 u X <i ^ o: k- X a 
UJ < C oo UJ C V"; _£ 
c. Z1 Q£ LL ^T X UJ z > UJ — X < D X <: •—1 or I — cr Of. 

I U. a X <T X X t3 UJ «T 

CO >— UJ - u on k- »— < > • P" 2" 3 X' -J > ^ X <T C —i > ^1 X X — o 
a o a _l — — a UJ ^- X N* X < c 
c <r a t/: < *~ t_> < — <r .—, U-i  m 
UJ «J C£ ^-! V-i z <: t/1 < ir. <r • 

I f-0 o _i > UJ X l/l IS UJ 
1— ^> < Q U. a. UJ Lfl X 

J^- i_; h- 3' >— 7* T Lfl a Lfl I— 

eS or. LLi m O. <: <: 2- V— a. i• a 
2 a Wi uL •- < •— X —i u_ — < — ^ t/» C i/l X CO X i. —- o 
>- -J DC Z — ir — u c LL X II 

O ' 

x       x      ct 

UJ 
c 
i/> cr i 

•c • 
X 
I— 
a 

u_ c n 
h- < UJ 

CC  O -J CD 

O O O UJ 
z z Z _J 
c c c o 
-I -J -I Z 
«3   < <T < 

l_) O L-* n a a 
a c a 

I/)  l/l I/! *- 
H- — * o 

c 
o: t- i" — 
o u ^ ^ 
Z  U -J 3 
O a oc u 
_j o O ct: 
< X IX <i 

• X   Ct 
• t- a 
i o z 

ooooooooooooooooo ooooooou 

m ^ in o 
c o o o 
o c o o 
c c o o 

93 



irirtrirn*'ir!f-*o*'Oo«CiC'C*c^*:f'~^r'-f~r~^r^r^r^r~cccc(ca:a:cocccccca:o c c c -C ^ tr C  c  —' c*. 
0  C7  o c o c o 
•—   I—   «   r*   CM   CM   (V 

Z 
-I 
a. 

c 
X  O 

z 
UJ 
u; z 

c oo 
z 

c —• 1 O T 3. LU —. C X >~ 2 r\- h- LL1 LU h- 
—1 a x — O # u H t— X 

h- CM — <r. •—> * UJ > > 
—i 0- z o- i- Z > 1 
O- 

• OO 
D 

oo "S •1 —1 

4- * 
LL — Z ir m a —) >- o a B* fSJ U. LL < 3 a 1 • LU o a CX < « *»• -• u. a 

h- i/i >- X a + UJ UJ a a on ft •- t- o on 
*u -I >-z >- Q- 2 2 X > Q. UJ UJ UJ UUl LO O 
X u. 3 < 3 r\) — •_ u. O 5 2 2 LL t>0 m o o 
1- a o O oo LU LL * < < -J + + LLi LL —1 — _J LL LL u 
l_" X UJ O <t < o * X r c UJ rvj 1- < •3 UJ LL LL # «* oo w o « I 3: < 2 X X •—I CO UJ UJ — X i SL iflCO • —i 

O"   O UJ o • o I— •— 00 C* a 3T oo => \ ^ rr ,„ U U -J >- > 1- — — a a < 
c r H > • o c oo z moo a LU OO 2 2 MN a: cc < — —• 2 LO 7 y LO 

u r- <r -J o o o • • — >- 2 2 o t— X -O O CD O CD X •N. V •— a UJ U. LL 

o   • z < o o a <r oo «» ** U 00 < X >- 2 < L0 u-> t- _J LL LL a i— -J i/1 u W- h> cr -J 

1 c X -T o   • JI =1 3 z 1 1 f-j. 2 — X > X > a a Q. a. — O a X > > <: <: < 
a c .0 >0 fM ^ — w • » *m M »- CT < 2 O -c 3: < L0 3 Z ^. z CO in Q Q a: O I/) i/l UJ UJ 1/1 UJ a. at 
3 < ^ 00   +   + Z oo ii a. at: o U- O H- t— fit C CJ 

II II T _J o X i—• O o II II It o ^ —. LL o X > U_ X -^ 2 
O LU LU • X X 00 U •— •— o a a sd a o 1 X > 

D t- w   X > a o 00 00 o u if O w> u. 
O tt » II II UJ <•> H H UJ H II II LO ii H II n H H rO "J II II < < — H II II II n II II  II o UJ UJ UJ o UJ X UJ r— UJ LU LL LL -J _* 2 

X X a: II 3 Z- z z u u o •—t 2 -> -J o t- a a. <l 2 a. a. r— LL U. <I < _j —I a _ _J _J 

a a: t- II > Z 3 3 3 X. at at a: <x •—• O O < n r 2 •—• X X < a 3 KT Wl •— «•. L- «H H- 

o o z < X — 00 00 00 h~ o o a t- < a Q. 2 LU UJ NM < UJ UJ z z *y LL' Lb < < 2 < <f 
z r LU > O x > 3 00 X >- Ivl z u_ LL LL 2 r a OL U. •—i r— t— a r t- H |M •— C CC a- \A yi o C l/l U1 
>  M 

5 _ LU X >- rvj UJ 
o 

X X > •" o X > oX 

C 
> X >- c 

s 
L^ u X > X > c LJ X >- 

UJ CM o c D c 
o UJ UJ D u a o 

o o 
o o 
z z 
00  00 

o o o 
o o o 

o — 
eg eg 
o o 
o o 
z z 
00 00 

CM m >»• 
CM CM CM 
o o o 
coo 
z. z. z 
00  00  00 

-o <o r-- 
CM CM CM 
o o o 
o o o 
z z z 
00 00  oo 

CO O O -i 
CM CM en en 
O O O o 
O O O o 

z z z z 
00 00 00 00 

rr •* u> ^O h> 
rA m ro r»> ro 
O O o O o 
O o O o o 
2 2 2 2 z 
ot ^n 00 oo oO 

ooooooo  coo 
ooooooo  oco 
2 2 2 2 2 7 2 
00  CO OO  oO  o0  oO  o0 

2   2 2 
oO  oO ^0 

94 



^^J^^^^J^l^^.f^Jrg^^^r^,'r^]^^.^.r^.^^,^^!^sl{^jf^Jr^Jf^J^.f^JPg(^., r^f^(\rrsirgf\jrsjrgrvjfvjrgr^.ro(>gfsjr^'fNjpgf\jrvj(\j(Njp^(N*fV' 

2- 

00 

2 

oo <i 

- —       a < <      a. 

_ _ > z C L_ LT; c <T 

_J »"" ft c O -* J> O 3 CT ^~ t- — <r z: _j >fr fc- a •-> —- u < l/l D < c K- -z D zr a: s OO i/> c t~ < <r <• <r ct 

> 
1 LJ 

>• a 
C2 

1- 

a 
c 
UJ 

X CL X O a 
— L^ •f o o z T. I a ft LL oo L: UJ a UJ c 
UJ a _i 1— — LL- •y a! at QC l^ 

u UJ < ^ _ r~ o a LL a LL. fi a a l/l UJ c C2 < 5 i 
af o f\: i UJ z D • 3 L^ oo Qt 

O   LL # z of cr • o •— l/l u_ L^ LL. u 
X >• * to X cv C _J D — LL) — LL UJ 
u c Z~ ft 5" • < cc tt CL <-!   U. z + (X Of 2* D • ID l/l <r LU (J? UU L~ a. o 
<r T. a CD 3 U LLJ o u LU LJ LL o —- < >— 1- L> _J • cr Q K a u. t- 

-J *— a X u_ • ^^ ZJ C < < z 
ii  *- ct n c U, _ o a O + LL o LL o X 3C Z UJ < t~ —- _j ft C£ a a 2: CT L> CL QC o z 

oo i/> LO ot —- # Q C CL" a — o CL a a D rs Z> X a:. a eo a u_ a. h- a H < 2 2" < 2- z Z —   | C X — — <T — _i < t- a o a _J < UJ _( < >- X < X 
o — _i u Qf c i—i — ae LL o a •* UJ a O 2 X X c 2 X -0 t _ o 
<I * — 2 H a — cr < h» c c X JJ Z u~> LL) t- jt or LJ H 3 o o 
CL  LL l/l <r oo CL O •c l/l • o ISI uu X X < ( 

U c_ — cr •— o. * zr • C3 h- km X LL ^ LL LL LL -I LLI o c o o a LL LL 0C  M 
c or o z* a c • I a c c 2 -I -* O ac > c nr Q c a Q <r t- h- 
2 r^ of —i -J a o z — »•* 2- < D X <T LL' CJ — UJ O C o o o oc < < ec z 
< u. <• i/i — — O o CC t- < • O u-> — LL 2f > 3: t— 2 > 3" • • • • z Z < o 

X c~ D t/i I/I • c _J < u • —• t- > C IM < 0 M M ^^ >-• « u. 1— Ml «j 
-J CO CC LL, o <r UJ N -* LL — <— •— h- LO 13 fc- t— 00 D Q O o o — < < -1 • 1 a —. |T| if *— t- < M LU t— < ^~ CL K on z 
<r Q o • rvj Li; __ • * • — 4 (J o e LJ L5 to C a ka 

V — O Q a o o Ifl LU LU -J LL LL' —1 LL O c U.  *- 
a DC LL LL. LL a UJ LL a z: »m <S) CL -z i— h* u u O ^ 

z a a Li. * • • c? * 2! M< < >— — < < OJ 
UJ    It II II II II a. II u. n 2" u <r CT to i>0 a oo o~ II H II II 2T X >- on H 
-I oc QL i- j i— X CO CO LC IH o kM o Ml UJ 

•—   •— c C t/3 < r >— —. — — 2 Z" o r— 
LU   OO T k— •* a Q M [/] a — — •^ X knl 1- X kM L- CL < 
CO CO O < U < — H a UJ TJ LO CL -J G oo CL -J o z 

O e r. o CL u_ -3 —1 -J h- LL LL. LL O h-l LL < • — LL1 < B 2 UJ   _t < CD DC h- — CL <: < LU *—• —-• ~ U u. X oo ^J u. X 00 u 
_j l/l Q a; 
(J 
2" lj 3 s < <: h- u 

OOOOOLJOLJOOOOLJOOO uuoououo 

—• Csj rO st iTi sD CC 
iT\ L(> LT> UO XI LO J"t 
o o o o o o o 
o o o c c o c 

•c -o *c 
o o o 
o o o 
z z z 
00 OO  oO 

vC r^ cc cr 
-O N0 o o 
o o o o 
o o o o 

95 



f\jrM^d(\jrvjfvj(\irv(rof^ryf\jr^fvifV'r\jrorvirjrs.'r\jr\jf^fvjfvJ<\jrg^ 

o 
D 
o • o 

o a —< o 
O o 1 • 
o • it ~- • ~< a 1 

t* 
1 

1 
ii 

o 
u 

II 
T 

a II h» LO 

u- O _i —. .—. 
z < c u. r\ C\J 

c t— trt c * * 
o cc c — * * 

uu • • c *- (\J   (NJ — X c~ o Q < cr or 
c C • • c a a 
c «— • UJ c CC V >- >- • o o _i * UJ -J o o 
c Q • * • -J C M o c • c u — LU < or <r * * 
LU • _j <3 _i l/1 # w-i — — — c • y • c _J > —" ^M • 

LL 
—- LL 

a 
r~ 
Z 

_i 
<7 ft CO 

ex 
•» 

cr 

-J • (J X 1^1 t- _J 2 —4 1 1 < "~ a LU _J < 3 O Q. 
1/1 LL a * a- •c * I/) Of a •z o c 
UJ u UL > co X > a. H X5  C D 
a QC > a. CO t- C I/) • • 
V a <r * + •— + C fX N (NJ t\J 

a. ft Cr" u a w MS * > * _J 
X 
on 

< 
5 + _- # * a 

a 
1 

-> LL < > ex a Z —i f\. II It 

a •C l/l D a •- X> < r\j 0£ 2T 
u a LU + 2" •» <r W. to a^ a O k- 

a CD Q£ X h- c r^l -^ > cv t- ^- L_) o _J 
x CO V — C C£. z 1 h- c 1^! O o LU 

V * < + CL *f ft x — a c a a. *— 
1 r fl t- a W a z C Q # 

—i —I 4- LL CL •J o • •3 N # •** a LL u. i    • —) _J -i ** M4 a O <T ^ 0. Q£ w> «• LU a — — < <T uu Of Z W-. — *- h- I/) Z •—I i- — — +  Z> 
cr < < i/l l/l o o > J.. DC o rr x ^^ rr u^ O O —      nt & (/) i/« X >• a" u 1 cr UJ O * < LO CD <: LLJ X^ a I   X t- > X > 1 1 C X — X X LJ c X < 1 l- • • <T  <     • 

< < < < a 01 • • <               C 
i-O LU a (/) a n UJ •X I           o 
LLI     ||      II     s0 II     II DC LLT z II     11     II X>   II II LL z Z OH     II    f1^ 
a u. a. LU   Li. Z   CO   Ct   CO   >• I    CL   h Z z: rv -- S.   Ct X X z H 
x < < o *I   < —  X   X   X    | <CU <X •-* a o: < O ^ uo co at >- < X O 
-sai- <* a: V— — — *•• »- _J Z u X i- a. Q,   -J  Z — (NJ IN»   3 or < u i- 
— c o C 3 ^     *-    —    ^-    V cc a ex: H z *- h- ar: o <r —' — 1- t-   t-   LU          O 
LL.   CO  LO   O OO   LO O LL  U.  Li.  LL O _j c J-1 X o DC j h- LU LL   LU z o x a z 
<—  X   >  O X > o — ' > — a. < u. -i o o OLL< 

X 
~ — uC OJ a: o o u- 

r* <? o 
>*• a 

O (M f**! >t 
r^ t^- r-- r~ 
o o o o 
c o o o 
z z z z 
l/l LO LO CO 

O O 
c o 
z z 
CO l/l 

r- co o rsi sj- 
f- P^ CO cc cc; 
o o o o o 
c o o o o 
z z z z z 
co yi ^o cO cO 

O p- cr 
a: cr, x 
o o o 
o o c 
z z z 
^n co co 

o ^-* r\j i*» -t 
C CT C C C* 
o o o o c 
a o o o o 
z z z z z 
cO cO CO u0 iO 

^ r- a- 
cr cr 0s 

o o o 
o o o 

O F- r\i ro vj- 
o o o o c 
O C O O O 

z z z z z 
l/l CO (/I CO 1/1 

96 



•O 
c 

o>c,c,affcr<^crO'aoocccG©©cC'-^»-"*«-*~^»-<^'-^jf^c*jrvj(\i(\(\j<\jf\j(\jcnfrirrtd(*if^*«',m(^ 

i— X —i 
1/1 •• <i •M 
•—• X *• • 
_J ft r> — 
a 03 -^ o 
sr Mi <i o 

11 
< 

cr —* 
MM mm <: ft 
a C ft c- 
u IT CC -^ o 
cc — <r * CC. 

a (^ *• — -H — » >- r* c - — 
UJ O <i o o — 

X 
or ,T •£ 

ro O 5 
Z n c <r o —i V 
<i r —- LT » o •> D 
or t/i cr — m — c * 
h- •• •> — «i ft o o — 
Q£ o <T >- *• o c O — 
r IT » c: -r :r H IP — 
U. li 

p- 
C o 

< —1 

o 
o 
o 

+ cr 

o U 2" m <r c> ir> — •c Q 
•0 1X1 ~~ — +• <r — FM —- * * 
m Z o a rv EC » * — — o 
s, — V <r » o O mm NM O 
l/l ^J P- Q • r*r IT' o a —• LT a 

o 
o 
II 

a 

u 
o 
LT > 

cr —' 
1 
o r- rr: 

1 
C 

• 
o 
c o 

>- 
o 
• c 

4 

1 
O 
Q 

K r- •— a •> ffl r*~ P- h- (^ h» rn -c ^r m sT f^ ro P- — o a — If 

CL x> a *• — c C" <o *c 43 rr •c r*i •0 •c ro sC >o m .0 ft ro — < • 

c U. >- > CC o co o 4 o m •c m •0 >c rO O •0 re O o — * # _. 
• o m ^c •fi •c (*i o ro •c •fl m O JJ ro sC LT » s > * 

ir ?• z 7 Z —1 pn N0 •o o r <• r^ «o «0 ro •£ £ ro ^0 ftd O o >- 
a c C O ft o rn -c 43 *o r^ •c r^ ^c sO m <c sO ffl «0 ft o m s— a 

-J 1—1 MM o pf] ro •a «0 ^D r^ •o PH o sO pfi <c .c pn <o o M • # »— 
r i^ on on OO 

pd 
o 

m •c 4 m PT 
pTl 

-o pn 
ro 

Lfl —< 
X 

X 
+ 

* 
X 

u O U U o C\| rr <c sO ^O i*i <; r^ >o o pc •0 >c r«" € ft O > 4 + 
il UJ UJ UJ LU o ft M •C o 4) m *c r^ >o vC ro •o .0 pp| 43 o c^ c o — o ftM — O —. 

LU a. •c or: K o o rn •c •13 «o m sO m *o o «fi ro -o fl r^ .0 O o o o O * > o <— > o — •—i o kM 

s Q. Q. Q. a _-< ro pn o •C o ro i0 r<^ *c o »4 CO sO ^^ cc ^H C ^^ I o r LO If* X o c mm Q o O — Q ~— -^ ro -o «o >o m —- m ^c IT c O —1 0* u> ^" 1/1 — + r\j + ISJ — + > II ro CD II n~. > o PPI c 
2 Lb LU LU UJ —. — m -c — o r^ a r<- —4 P- p^ og •* r\j sT tn N Z X X Z X > II > ^-> II > > 

_J _j _i —I ^ DC (#i —' ^J •c CO • • <r rr • • • • • • pn a D n c II PH rj£ II O C1 
It — I— o II Nri D m* n c II 

1 CO CC <T cr II II II M r\j ^-^ • Z) h- r H- rr^ + 3 O i- cr h- e —• — t- a — K ~- Q h- o 
3 3 3 3 —t ii II II 1! II II II II II o —< f\J II II M II t- < CD z ZL ~5 p-4   k- 2L < II z m+ a z ~ mm -; z 

oO C C 5 a u. u_ II    ~H r\J m •* in <} r- CO cr —. —> —- PH M ro vj" LU    II II o ^~ a —< 11 II    LU — O   II > a •— C >• o ftM > a a IM C •—• 

2 
C 

c-. o a a ~ ""* ->   < < < < <i < <r < <f < < <r CD CD DO cc a: x x o o o U ~) « at: O o >• Q o u > o o u o o > LJ o u 

o  o o o 
o  ir» o m 

o 
o 

C 

ooooooooocooooooooooooooooooooocooooooooocooooooo 
OCOOCOOOCOCOOOCCOOOOOOOOOOOCOOOOOOOOOOOOOOOOOOOOO 

z z: 2: z z z zzzzzzzz ^zzzzzzzzzzrzzz 

9 7 



r*"f*~r"f^fr  f-, fr pr-  c""  rri rr- m fn ff  rr <r  r^ re 

+ C — > 
— — r — ~ # •-        - <* 
— > cr 
C c I 
>       «• — 

>—       —       rr\ 
— CM tC 

O 
o 
o 

C C > 
# # c 
sO CT I 
< <J > 
w — C. 

x       — — — 
C 
o 
c 

o*--~c — <r--o 
>Ow^C~0 — c   - 
COO — O — f\j — c-xccoo 
II   m >- C ro 3 r\ C fv +   (I    n    u   in 

— n   >•        > >-        >-..-.-*   | 2 
— c — ii a no ii o ii — — — — HO; 
— *-'—Ol-0*-nt-C— — — —  +   DO. 
— — Z        Z        Z        e Q — rvj        »- f- O Q 
>oa — OMW^-,C<—>>>-u. iiuji-z 
C(J5> oOoOOOOQCO^-^artouj 

o 
c 

o o o o c o 
c c o o o o 
a- c --MCO 
F- (\ M IN ro ^ 

oooooccooooocooooo 
oocooooocooooooooo 
ZZZZZZZZZZZZZZZZZZ 
'71l/l/)lOlOl/!l/l[/ll/1(/ll/li/l(/llOl/)^'/LO 

98 



iriri^»o*o»c»c*c>C'C^i»c»cr-r,-r^r-r^Nr^r^f-r^aa. aarocccccocerojaO'crac'ffcJcrffocccccc- 
w (<•. r ff. ri c. f ^ r ^ r i^ f' ^ ^ i' ^ ^ ^ <*" i* f^ i^ i^ f ^' r"> ^ r c (<•> (*i C' ^ i*i r (^ r c (*i n r. ri >J -t -f ^ J * 

D 

C 

Q 
n 

«t in 

z i 
3 ' 

in       — t~ 

LA > O O . Of HN 

z a o z CC LL h U LL. k- 
LL r < < LU a X Z 
u h 2 a a h- LL' 
on < c z <r LL < > > 
<T K z c k- _J LO _J u LL 

r <r 1—I c <r C PH <r *— C ar 
H OQ LA, IT —i LO ?. k— CL 
X <I h. z _j -1 

O c~ 7 
13 —1 •r LU LL U l— taM ?" rv t- z C r- *» — o- t_> tn -J z CC < 7~ ^~ 1? •- H 

-j a 2* t-* 1/5 •c «a LU Q_ cc VI LA 

uj • _J <r LA) a u rr <r z L/- DC z 7' 
k- k- h- C Ct _ <i •t » c 7" UJ > • 
— z — u < u- n XT, a II LL z < u -J 5" 

UJ on z U_ X cr at a T ~ l/l LL LA. <T X 
of ce Z 1—. > C: 3E UJ 3 <i l/l pi 7 -1 5 C 
or < <r —1 — > LL U u_ Z o o 
C a Ci LU a I/) c: LJ UJ C UJ _? LL ^~ z 
O   CL k- k- X •— C CO X LL. X LA X X <; — Z1 

< •_ t— UJ u. -L — h- 5. ^ K- f— c P^J •—• 

z l/J 1 X 3 UJ UJ cc < a UJ >— Z" I 
C  UJ i— CY •- t- CL LU LL H LA <—i LL X LL fit <: C UJ 

— I (X a O M z e I <r ^~ D   t- I? u » _J 
h- h- UJ LU LL z OO 3 LL. •—i LU X LL 0 II 2 X  CC 

U 3 ^ c Z •— C QC X i— X 5 z LL a z 1 < 
Z UJ u. u c <r h- LL Q. •» rr c < c • II «I •— 
3 K X o C u a M UJ a UJ > > •— LL fc- o — cc 
u. < a. CC o a u- Z o < LL1 -J k- > > LA, c 2- <J 

_j UJ o o < — 3 t— LU Q at — < 1- z «c X cr > 
Z 3 LA u_ I- <r X < < z ~ LU LL m 
o u IL Z LA LL — Uj H* T. I'- II o — u X u N, #   V 
—< _l c < p— CJ CC O O H LL' _J —« •— LA • T. 
oo < X UJ Z LL CO y U-1 LJ en <T IT > _l  27 
—• u UJ u X on 1 a • a r^ _- X 2 i— LL f-j _i <r 3 
u 2" <r C UJ —t <J rr k- K- — 5T o h- » <r LU   O 
UJ  O <—i > or Z. X C o fSJ UJ X •J3 £ Cf 
CC   k- t— cc o o a i: in ^-t t/l II II UJ >• o * CD <. 
Q. 3 o UJ < II r* i—i CC U < — JT 3T k— 

a: UJ Z rC LU LL UJ «a a o ir. UJ o DC 4- < IM    LO 
UJ <I X UJ CL l/J UJ z cr C N u. c m u •— 
_j a u- >— X rg < r- 5 o <r II M II * u.. 1—t 

m o k— LA a •— II a a * UJ LP >t Z r. -J JO 

3 a o _• 1—. 3 m LH X cc * 3 v >" • cc a r 
3   QC z CL X a z </> • z O CL 0 m tn < < i»i y- ?   3 
3 a < 2 w u. c s m o «H Uj • INJ UJ c a: (M — o 

c 
LO   ^ 

-- <   * 

t— LP 21 
O * _I x 
O 3  + * 

— C r- 
t- 5. — C 

— 3        y • 
CT  r y   y M 

rv' c — — 
•  LT L7C   Z ^ 

O r«"; a. — — 
-. F-    Q 

o o 
— I 

C LO 
— LL 
CO -H 

CC OL. 

— rv 

—« —       cr vO O — 
U X 

a   O 
*  >- 'C <\j c m 

• 31 < — 
•o < a LL 

— z 
10 < 

• C 
*0 2" 

xx j\am«   • 
*»s  X   -J rjj  CC   JC  r\. 

—   —   (\ sC 
*^  3  3  Z - 
Jt  — —  <l LH 

LA   Z   k- 
+ o <— <t — 

L_>  00  O < 
> C O ct 

11 -- 
II    11    11 

< LL 
JX>-J.M 

vfj   LO T    + — 
cc •• Q 

+ 0- 1^- 2: 3 <r — •— 
• <? X     ! 

<3  — —.  c£ 00 

LL  O  - 

3 m 

r — 
< <• u. 
cc a. — 

T T u_       I 
<   <   —   JL   • 
a. CC   3 — I 

OOUOUOOLJOOOOOOLJOOOOOO 

O 
o 

o 
o 

LO NC rc 
COO 
000 

z z z 
00   LO   OO 

cr o^-fNjnn-kfLOJOh-cocrO—*f\i 

o oooooooooocoo 
c 0000000000000 

z zzzzzzzzzzzzz 
LA LOOOLOOOOOOOLOOOL/ILOOO^OO 

99 



OC   C © ~ *- ~" —• •-••--- *m -4 t~ 
^-<f\f«»4'ir^'r^trp-c«-ifv J- IT   sC f- 

p"> r" r- f*" 
sf  •*   sj   <• 

o C 
UJ c 

•> LT t_ G iT- - — • 1/1 IX r\, (\i — 
O M 

IN I 
C 

«* 
1*1 

cr C\j 
O 

1 > 
iT — — c • — *, + CM < 

M c * Q r? o c •• 1—. IT o > — w 
•f O z. X * -^ < 

CM <r PC a: •• c —- tt » Of ft *C c c •M 
try IN —- V • c c o 

IN < -X ^J * o c 
O » d_ O — • sj- •• r\j —* + — IT\ o C O1 tc 
r<i (\i IP Q c fNJ LT. » LL U- e < • 00 — o 
ii -J O LL LL o II C* \T\ c • 

(N -~ HM i OJ -* • .—< 1 I 
•— Q O t/i 

LL 
1*1 " 1 „ 1*1 > 1, 

O ti z: II m < o < \— a II ."7 — Q u. k— c LU 
a D LL LU —. — 73 — 73 

if\ c -r — U- > X Li- _J a _i — ts C UJ — < 1 •— LL < -7 LL <I 
U a — a — > — > 

P-, c CM pM o — r\j 
•H (X CM [\J o o O 

* —*        —t r\j        <—i 

—        C «J 

c 
c —      < < 

—ICC 
<I o o •- > 

C5 o       c < oo r- 

D 

1*1 
2.   <X 

3       P:       U f> n* 7 
3        C QC H — — QL 

! K OJ K J a 7 _i — — 73 
)        3        _l r* i- >  _l t- 
lOjOOii1 c^ii-iiLO 

m ^ in JO r- 
M M r\i r\j (\ 
o o o o o 
C O n o o 
z z ^ z z 
VI '/) /I (Z1 i/) 

coo^r\.'f«Nj-ir.NCr-cca,o--4iNf0^i/>v0^xto^^m^ 

ocooocoooeooocoooooocooo 
c c ocoocoooocoocooocoooc c 
ZZZZZZZZZZZZZZZZZZZZZZZZ 
Tli/ll/llOt/J^l/ll/l'/li/lUll/ll/ll/ll/lOOl/ll/IWWl/ll/lt/lV". 

100 



ec o c —< fv re 
f^ c. *fr *j •>*- .* 
•>r <• *J •>* •c <f 

o >- C 
* c ? 
u. >- o 

D a C c 
ly"   t/1   <•>   > 

U  U  UJ  —' 
a. ibij v 

a o. a 2 
Ul   U-   UJ   O   ^ 
_i _J -J   ll   rC 
iT  rr c>3 
3  3 —  ^  *-   C 
CJ O O Q- a_ 2 
C3 O O G at LU 

iNj m -f :r» -c r- 
o c o o c o 
c c o o o o 
o o o o o o 

^ z ^ 2 ;- .7 
Jl 7) Ul Ul  t/l </l 

101 



•J"  IT   *C  t^  OC 
-J   •*•  >f   ^  .$• 
>f sf •* *-a 

a • 

a 
u a 

2  I z 
Z>    •• — 
u. >: LJ _ 
:? r' 5T X 
c o • *• 

X 
t/1   LO t/» » 
1—. — •—• o 
LJ O <-> —• 

U_   U-i LU o 
a. <x IX z 
Q-   &. 0. 

u 
UJ  LL, _L 11 zr 
_I _l -J > a 
CD ec ro Q D 
Z3   Z> 3 z i— a 
D C O — Li. r* 
O o c u. Q: -L, 

M ("   ^ .T vO  N 
o o o c- O C 
O C C O O O 
O O O O C   O 

102 



r 

I* 

c 
Z 

r^—'^.rc-j-ir^cr- cr cr C -- r  r^^-ir c —• rv, ir  vt IT- *n N  crac  .- r  r-^ir^f^a 
craoctaccacraaCccoocooc 

i-       ai > 

c 
U 

c 

<r z >    — 

n < <    7T ^ cc _l < 
<T UJ  TJ 
T IIJ -¥ 

T UJ 

L1J •— 7  X 
T t~i  <*- •— X _ 

3 K-  'U 
y , *- c > u. l/l •— 
r rr C i/i 
m Q.   Z 
<• is. i— 

<   ~ 
<T  O *: 

u. •     » 
n at         Z •. V o       ~ * «7         5T 

t- a ^ "3 _, Z> -1 — Z 
LU < l < 
X>  _, *.    ft 
U_   JJ   iT» -    fc 

_l a- • 
u. o c 

u. z 
z < 
C «* CO 

h- l/> O 
l_> UJ UJ 
Z I- — 
X> 3 U. 
U. 0. — 

X O 
z c a. 
O U Q. 
I— (/I 
</-, z 
— o < 
o — 
UJ h- U- 

T.  < z G Z U- 

Ifttf UJ u~ <r > 
t- a: Z > (A X •—1    * 

<r • — "£ u o c 
-* cr o C UJ 

+  O 7! .J t— O k- 
3" C e UJ -I _J Z  UJ 

C* cc <: cc '— _J 
a c Q UJ a 
a Li _J X * CC T 
U. z 5 _J U UJ LU o 

i— • ft* —. > > UJ u 
z < _J I I — —. a: 
o s: -J ^ >— h- < z < in i— ftH UJ 
h-   UJ UJ LU t/i l/l m  UJ 
u_ X UJ U) h- C c UJ   CO 
UJ t- CC _J <r a a i/l 

_j <J 3 -_" _J   UJ > a h- > _- > 
l/l   QO to T <r LU _J a < 
•—• LU — \A _j 5.   X 

Q I/] </> < <—• 
U_   LU _i 5 •_ ~ _j 

u z r: 3 t^ U 1 
SC — a z •X H- H-     < 
Q  3. i: 

LL   LX — 
LU 

UJ   ft- UJ 

X UJ X 
t- O >— v 

0 X I 
Z I £ 
< X — 
«Cf J 

Z — X 
UJ < _l l 
1 cc x s: 
i-       I   < 

U. S.  _J 
U   X  *3   X 

7" U. c o - 
t— in 
i- a. ~ 
C CD X 
cC t- t- 

U' I—    • 
l_> <  C 

U    Z   U.' 
_J 

ILl/l  CL 
i — r 

C2 • m 
a c < 
K Z X 
z < 
O CD U- 
!_' U 

uj a. 
in X C 
— \~ LL 

z z , * 
x —• f^ •i ft 

i/) ^. a Of » iy c ^- *. ft •M 7 
c < f\ *c 
X •J < ^~ 

t- z X 
-> 3 3" » ft »   » 
1_J   L/1 ~ c^ ft ft- 

UJ Z X LU ft. •? CO 
*• » _• ft-   LL. 

X _ — IT   U. »: X _J < —  C 
i— — "~ 
-J IA ft » m     ft 
X c — - 5 (S. 

O X. f- <: CO 

15 
Z 

(.) CO 

Q 3 3: 
ar 3: •• 

U_   ft- »   • 
jt _j 
UJ   X 3 
z ^ ^- 
•*v  LU _ 
-I   > >. x      i 
t^ 3 s. 
LU   C a. 
V ^ r^: 

z z -^ 
a c- Z 
s: 3: n 
•Z  3" ? 
o c 3" 
o o o 

—      cr ro 

OOOOUOOUOOOOOOOOt_;oOUOOOOOt_)l_>LJLJOO 

a 
a 

O        O O G 
O        C  C C 
o     c c      c 

103 



a  CGCOC'CGC cc^^^-i—^—' ** ^* —> r. CK c  rvjfsf^rvjfvjfv r\» rv. rr. rr rr rr- tr rr rt   H- n~ p-  «^ *}  -J *J- %j .J -J- >* *}• 

:0 n 

* 

* 

* 
» 

c 
5 

o 
u 
a- 

- a 

— o 
a c 

—< u_ t- 
_i 
— z o 
<I — o 

Q — a < C 

IJ1 
3  X   — 

* li. a 
* o 

< 
»     o 

_ cr  a 
_i Z Cj   LU 
Q- C1 l- T 
GL u u t- < 

LU    -J- 
LU rr 
:n — u 

c o 
o O CM II ^-  Lu 
IP h- t-      • 

D f\J -r c z u 
LU o — u„ 1- c LI. rf> 
is* h- O u a  ~ 
a ~ or >— c 0c 
_j c k- c o T   -u 
o o 

„ a X ?• 
L_ 

<•' 

l_ (BW 
O  — 

1/1 o •* s: t— K- c < < LU LO o U_      • 
«,  Q o o <r LO H Lfl _J -J X -~ Z _ X   LU • 3 _J z iy Z — X X k- a CJ .— • U-   h— 
LU  O • * x o Z C ^-1 <NI (NJ — •w u h- c 
t- Lb o m —i o O o < < • U * > o JJ 2 < z z u Lj_ ^ z W LU o t— 
O " 

pi 
< 
X „ II 2 It II il 

z < <! 
a. 

z 
N 

LU LU 
T7 

• 3 

LU 00 II z (J ^ a •r h- z u ^ ^ z _ £, 

X — LU a ae :• D — 2£ ^ o 5" in •~ _J Q 
H- z: —1 u 3 _J r D < *— 5f — -J r- -J 3 o — — t— —I u 

<r DC •— — <r h- _) u <r ~J <\ _J *— _J W L~ ^ V z •_ 
_j LU C UJ ac < _j LU LU TC _j r£) CC u. < LU <r LU .—. • Li. — u_ 
LL — -i- ac — O •J- a u. < <J _. u X u — u '-' o — 
tr C ^ fty N oc 

O (_) o o o o o o o 

OOOOCOOO 
cooooooo 

t\i   (\! 
o o 

O r- cc c —• f% m ^> 
ryf\,i\f\jr'itf, ffffi 
coocooco 
oooocaoo 

LTv h- 00 O <-* 
<**• rn rn *t ^J 
o o o o o 
C O O O O 

z ^ ^ z z 
i/ll/1 l/l l/l l/l 

104 



>tirtf>irirtrioiririrtr*G*£>c.£>^»£f^.r^*o>cf^r^r^r*-r~a:cor^ 
IT  lf\ IT  IT  IT  IT IT  IT «"• ir\ ir\ IT. lf\ If  IT U*  lO IT* tf 

Q 

Z X 
c t- 

I- o 
U I- 
UJ 
or ai 
or > 
o — 

a 
c 

3 ct 

I- X 
13 or 
o. a.' 
z •- 
— a.- 

a 
UJ 
x c 
I- z 

o cr o — < X 

II > _J C o X ~- _. Q 
1 a u. <* s >: o N 21* 

x J: ^ 1— M 2 II <r 
<r UJ LU 0 —1 —J <t o 
—i i ^ h* X X 00 c LU 
X >- UJ — c 3 —* LU C • • c • — 

J- o ^ o h- H ** ^~ o CO 
Z" i—. o  i o- Z o a (\i ^ t~ 

•  ii —1 H ^— • • k- c • 1 <: «=   3 
LU l/l 3 a 3 u LU C 
Z 0- 3 3 U. a a. er c 1 2 II 
•  3F or ~z 7" s: II • II II   uu 

LU i_ a LL LL LU C •LL LU cc 1— cc 
f*l   t- cc 3 Z <— h" >— a u — LU < 
—  X < o~ —i X X .—i «a X — I/> —. UL — — II   o c a ^- f\l  LU 
LL UJ a — u_ ti- * c: UJ IX LL a. 33 ec :« 

Li. 

i- 

• 
i 

- 
c < < 

X I X O CO 3 — (J r*- (J < Z ^ Z a h- o X 

L_' -J c •— oc z: « 
<\J <J —J 

K > II c 
p.. 

< z 
II u rj L5 i H LL LU o 

_J o < ac O — 
en ^-i -J — _l LL _J • — l/l >— < —< — _J u u_ LU l/l CO 

o + LJ 3-. — a ^ I f— <I 
z — n • 3 t- o — U- t— 3 c 
C C • — (Ni 2: ^-~ c* 2 t/) u. ^^ -7 cr + 
Lj      • c < < i\ u. • X __, 

Li- • • • UJ o t/1 LL' a 
II  z c* >— CC uu — cc 3 • II II II n LU »0 o ** n • II _J <r LL 

LL. ^> • — • •£ 2 ct H 
o cc u_ v.? *- UJ — a£ 3 LU —) 
t   •— t/1 1—• 3- 2 I — 3 CL t L^- 

c — LL — rv •— •M <l ^ L- —> 
uL   LL u. tr CO J_ uu X U LL X LU Li. 

-»a<<5:      —< ~ — u. •- -j X 

O O  U  CJ 

o o 
o o 

f- 0^ ^-t rr «t 
<r •j- \s\ LO ui 
c o o o o 
o O O O O 

Z Z Z Z 2 
</> on i/i i/l t/i 

LT\  sC   X) 0s O 
in in *n LO sC 
o o o o o 
c o o o o 

(\j rO <f yQ h- or. O 
O >C gD <J SC >C <• 
o c c o o o o 
c o o o o o o 

z z z z z z z      z z z 

O    f\j    sj" 
r- N- r- 
o o o 

l/l   -O   t/1   LO  L/l   i/l   LO 

•c ^ cr o 
f*- P^~ r»- cc 
o o o o 
o o o o 

z z z z 
LO '^1 LO LO 

105 



C c — 
Q C C 
IP  *C  O 

CCCCCCC^--" 

Q 

r 
c u 

- ^ 
u. — 
O LU 
oc a 
n — 
u. *> 
Q M 
a; n 
L.1 r 
U a 

LLI   <   — u-       o C 
t- X * OO                     t— 
•— cc o II      a 
a o ^ o z* 
15 u. • * X O UJ 

<\J   NJ- if •£ h co a c 
00  CC 00  OD oo cc x a 
o o a o o o o o 
o c Q O c o o o 

2T -? 2  Z z z z z 
-0  <S> l/l   OO oo i/i i/i trt 

106 



C 

f- 

c 
7- 

a 
•a 

c 

a 

z ~ 
o ^ 
—  1 
y~ O 
u   * 
z I 
=> 1 
UL   < 

7" 
a <x. —, 
— # OJ M 
i/i _j X x: 
p— < *s -u- 
O  Jj -^ X 
LJ  C£ X i—, 

QL 1 
a. »- h- 

H ^ X" 
UJ O — II z. 
-J — D a 3C 
JD  —1 — • D 
3 a. II ?• t- C± 
a 3: X i/) Li-   I' 
c — — UJ j;  UJ 

IN r^i sj- if\ -o r- 
c o o o o o o o o o o o 
o o o o o o 
Z Z ^ Z Z Z 
</l I/) l/l 71 l/l t/1 

107 



REFERENCES 

1. M.   J.   Neufeld and B.   M.  Anzel,   "Synchronous Satellite Stationkeeping, " 
AIAA Paper No.   66-304. 

2. J.   H.   Molitor and M.   H.   Kaplan,   "Optimization of Ion Engine Control 
Systems for Synchronous Satellites, " American Institute of Aeronautics 
and Astronautics,   Summer Meeting,   Paper No.   63-273. 

3. R.   R.   Allan and G.   E.   Cook,   "The Long-Period Motion of the Plane of 
a Distant Circular Orbit, " Proc.   Royal Society 280, p.   97 (7 July 1964). 

4. W.   L.   Black,   M.   C.   Crocker,  and E.   H.   Swenson,   "Stationkeeping a 
24-Hour Satellite Using Solar Radiation Pressure, " to be published in 
Journal of Spacecraft and Rockets. 

5. L,   Blitzer,   E.   M.   Boughton,  G.  Kang and R.   M.   Page, "Effect of El- 
lipticity of the Equator on a 24-Hour Nearly Circular Satellite Orbits, " 
J.   of Geophysical Research 67, 329 (1962). 

6. C.  A.   Wagner,   "The Drift of a 24-Hour Equatorial Satellite Due To An 
Earth Gravity Field Through 4th Order, " NASA TN D-3317 (1966). 

7. C.   A.   Wagner,   "Determination of the ELlipticity of the Earth's Equator 
from Observations on the Drift of the Syncom II Satellite, " NASA 
TN D-2759 (May 1965). 

8. Private communication. 

9. Private communication. 

10. B.   J.   Moriarty,   "Position Error in Station-Keeping Satellite, " Techni- 
cal Note  1966-21,   Lincoln Laboratory,   M. I. T.   (1 April 1966), DDC 633034. 

11. Private communication. 

108 



ACKNOWLEDGMENT 

Marie Roberts,   Eileen Leiber,   Chester 
Small,   Harold Feinleib,  and William Roberts 
have written different parts of the SSS pro- 
gram.    Walter Morrow, Alvise Braga-Illa, 
William Black,  and Roger Brockett have made 
some of the suggestions for automatic station- 
keeping that have been incorporated into the 
program. 

109 



UNCLASSIFIED 

Security Classification 

DOCUMENT CONTROL DATA - R&D 
(Security classification of title,  body of abstract and indexing annotation must be entered when the overall report is classified) 

I.    ORIGINATING   ACTIVITY   (Corporate author) 

Lincoln Laboratory,  M.I.T. 

2a.     REPORT   SECURITY    CLASSIFICATION 
Unclassified 

2b.    GROUP 
None 

3.     REPORT   TITLE 

Synchronous Satellite Stationkeeping Simulation 

4.    DESCRIPTIVE   NOTES  (Type of report and inclusive dates) 

Technical Note 

5.    AUTHOR(S)   (Last name,  first name,  initial) 

Crocker,  M. Chandler Swenson,  Ellen H. 

6.     REPORT   DATE 

14 May 1%8 

7a.    TOTAL   NO.  OF   PAGES 

120 
76.    NO.  OF   REFS 

I  I 

8a.     CONTRACT   OR   GRANT   NO. 

AF 19(628)-5167 
6.    PROJECT   NO. 

649L 

9a.    ORIGINATOR'S   REPORT   NUMBER(S) 

Technical Note 1968-10 

9b.    OTHER   REPORT   NOISI   (Any other numbers that may be 
assigned this report) 

ESD-TR-68-87 

10.     AVAILABILITY/LIMITATION   NOTICES 

This document has been approved for public release and sale;  its distribution is unlimited. 

11.    SUPPLEMENTARY    NOTES 

None 

12.     SPONSORING    MILITARY    ACTIVITY 

Air Force Systems Command,  USAF 

13.     ABSTRACT 

A program has been written to simulate the east-west stationkeeping 
of a synchronous satellite.   Different ways of implementing the thrust 
sequence of rocket motors and solar sails are discussed. 

14.     KEY   WORDS 

synchronous satellites 
stationkeeping 

solar sailing 
orbital mechanics 

110 UNCLASSIFIED 

Security Classification 


